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INTRODUCTION. 

One reason why the American manufacturer is making such 
rapid strides in the markets of the world is his employment of 
Electricity. By its use he turns Night into Day, and gets 
greater speed and efficiency from his machinery. Replacing slow 
and ineffective hand labor by high-power, electrically-operated 
machines and automatic devices, he not only vastly increases the 
output of his establishment, but at the same time improves the 
quality of the product and insures its uniformity. 

To-day hardly an industrial plant is without its electrical 
equipment, be it an immense isolated plant or a few motors. In 
any case, the user of electricity cannot fail to be keenly interested 
in the subject of Automatic Circuit Breakers. It may no longer 
be necessary to tell what a Circuit Breaker is, but we may be 
allowed to call attention to the scope of our work in this field, 
pointing out the value of I-T-E Circuit Breakers as a means of 
automatically opening any electrical circuit. There are, perhaps, 
few engineers who fully realize the almost unlimited usefulness of 
this device. 

Primarily, the Automatic Circuit Breaker is a Safety Device. 
Some have called it a "Limit Switch," while others have named it 
an "Electric Safety Valve," or "Cut-out;" it has, in fact, the 
features indicated by all these names. 

The field of Automatic Circuit-Breaking was, in its earlier days, 
limited to protecting circuits and apparatus from overloads; to- 
day, however. Automatic Circuit Breakers are made to meet, either 
separately or in combination, a wide variety of other conditions 
equally important. 

It would be impracticable to cover all the possibilities of Auto- 
matic Circuit-Breaking within the limits of this publication, but the 
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following may suggest some of the more usual conditions with which 
the various types of Automatic Circuit Breakers are designed to deal ; 

Overloads or Excessive Currents. 

Cessation of Line Pressure or Volta8:e. 

Diminution or Cessation of Current. 

Reversal in the Direction of Plow of Current. 

The Occurrence of Predetermined Mechanical Conditions. 
I-T-E Automatic Circuit Bre-^kers, as made by the Cutter 
Company, of Philadelphia, have been specially designed to meet all 
of these conditions, either separately or in combination, as required. 
It is the immense scope of our work in the Circuit Breaker field 
which has made the I-T-E Automatic Circuit Breaker known all 
over the world. 

WM. M. SCOTT, Engineer 



THE PRINCIPLE OF AUTOMATIC CIRCUIT BREAKERS 



The I-T-E Automatic Circuit Breaker consists primarily of a 
switch for opening and closing the circuit ; a spring to open the 
switch ; a latch to restrain the switch against the action of the 
spring; and a coil or coils, with suitable mechanism controlled 
thereby, for disengaging the latch upon the occurrence of the 
condition to which the Circuit Breaker is designed to respond. 

The point at which the Circuit Breaker will operate is de- 
termined by the relation of a given weight to the magnetic field 
resulting from the operating current. The action of the instru- 
ment, therefore, at any given adjustment is as constant as gravita- 
tion can make it. When it is set to operate at a particular current, 
it opens immediately the current reaches that value. A single 
instrument may be adjusted to respond to any particular current 
within a wide range. Its operation is positive and the arc is always 
instantly broken. 
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;iRCUIT BREAKERS CONTRASTED WITH FUSES. 



In the early days of electricity, when the questions of efficiency 
and economy were not given the attention that they receive to-day, 
overload protection was supposed to be provided for by the use 
of fuses ; but many of the classes of work to which the Automatic 
Circuit Breaker is now adapted do not come within the scope of 
fuses at all. It is, in fact, only where overload protection is con- 
cerned, and that for small currents, that the fuse can be considered. 

The fuse at best is uncertain. At times, owing to mechanical 
defects, it blows prematurely ; more often, however, it will carry^ 
continuously a current much in excess of its rated capacity. Aside 
from this uncertainty of action, the blowing of the fuse is likely to 
be destructive to the tablet upon which it is mounted, and involves 
in many cases a serious fire risk. The fuse cannot be instantly 
replaced; in fact, its sole recommendation is its low first cost. 



A fuse 

block 

which 

has 

seen 

service. 



While as compared with the fuse its initial cost may seem high, 
the I-T-E Automatic Circuit Breaker in use soon demonstrates 
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its value as a money-saver. It is on this account that users of elec- 
tricity everywhere are discarding fuses in fevor of Circuit Breakers. 
Compare the resetting of a Circuit Breaker with the replacing of a 
spent fuse, and one of its many economies will at once be obvious. 
It saves time, and certainly in the commercial world "time is 
money." 

Again, Circuit Breakers never fail to protect the apparatus. 
That is another reason why they save money. But what has 
been fully proved by practice needs no further argument. The 
thousands of instruments now in service on light, heat and power 
circuits speak for themselves. 

Another reason why the use of Automatic Circuit Breakers has 
become so general is because their employment materially lessens 
the labor of operating an electric light or power plant, often ren- 
dering it possible for one man to assume entire management of an 
installation, when but for the use of the Automatic Circuit Breaker 
he would require assistants. 

In many localities it is frequently impossible to secure men of 
suflicient technical knowledge to properly handle the electrical 
apparatus without the use of Automatic Circuit Breakers. The 
men available may be entirely ignorant of electricity, or may have 
grown up in its use without a full knowledge of its possibilities. 
In such cases I-T-E Automatic Circuit Breakers prove of great 
assistance to the engineer, acting as they do as tell-tales for the 
entire equipment, reducing the cost of maintenance, as well as ren- 
dering available the full capacity of the plant. 
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THE CIRCUIT BREAKER AN INDICATOR. 



The I-T-E Automatic Circuit Breaker is an indicator. It 
tells, as nothing else can, what is going on in your circuit. Are 
your motors being started carelessly ? The I-T-E Automatic Cir- 
cuit Breaker will tell you. Is there undue friction in your motor- 
driven machinery ? The I-T-E Automatic Circuit Breaker will 
discover it. Are your generators or motors being overloaded? 
Protect them with I-T-E Automatic Circuit Breakers and you will 
soon know where the trouble lies. Are your motor armatures 
burning out? I-T-E Automatic Circuit Breakers will tell you 
why and will remedy the difficulty. Is your storage battery dis- 
charging into your mains, when it should be charging from them ? 
The I-T-E Automatic Underload Circuit Breaker will indicate the 
trouble and prevent damage from it. These and many other 
abnormal conditions to which electrical apparatus is liable will be 
promptly detected by the I-T-E Automatic Circuit Breaker, and in 
most cases the instrument not only discovers the difficulty, but pro- 
vides the remedy as well. 

One extensive user of I-T-E Circuit Breakers says of them : 

"They are giving us very good satisfaction, especially in the 
lines of finding out defects in our apparatus, as well as defects in 
the handling. By closely watching the Circuit Breakers going off 
and investigating the cause we are enabled to trace the cause in 
many instances to slight defects in the machinery, either in the 
electrical connection or some of the working parts." 

When you have decided that you want the protection afforded 
by an Automatic Circuit Breaker, be sure that you get the best. 
Under normal conditions no Circuit Breaker is required, but 
abnormal or unusual conditions are of frequent, if not of daily or 
hourly occurrence in any electric plant. The Circuit Breaker 
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should be built to withstand severe use. The I-T-B Automatic 
Circuit Breaker is simple and strong in construction, is made with 
interchangeable parts, with all the circuit-breaking parts exposed 
to plain view. It is easily adjusted, is accurate and constant. All, 
of .these points and many more make it especially able to with- 
stand the severest use, and render the I-T-E Automatic Circuit 
Breaker the most perfect automatic safety device, both theoretically 
and practically, for electric circuits on the market to-day. The 
"I-T-E" embodies the principles that make Circuit Breakers 
practical. 

CIRCUIT BREAKERS FOR THE PROTECTION OF 
GENERATORS. 

As the most common 
danger to which generating 
apparatus is subject is that re- 
sulting from overloading, the 
" Overload " Circuit Breaker 
finds a wide field in the pro- 
tection of generators. In 
many places the single pole 
" Overload " instrument gives 
all the protection that is re- 
quired. Particularly is tliis the 
case in plants where but one 
generating unit is employed, 
or where a number of machines 
being operated in parallel, it 
is not considered essential 
that the opening of the Circuit 
Breaker kill the field due to 
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the series coil of the generator whose circuit has been opened. 
Where, however, this is required, a double pole instrument must 
be employed. In case the circuit breaker displaces the usual hand- 
switch, a double pole instrument is, of course, necessary. 

While perhaps the commonest cause of overloading of genera- 
tors is found in excessive demands from the external circuit, 
there are numerous conditions which may arise inside of the central 
station, which, if not checked, result in overloads quite as serious 
as those resulting from external conditions. 

Where generators are operating in parallel, a slowing down of 
the prime mover of one or more, or an interruption of any one of 
the field circuits, is likely to cause serious disaster if not suitably 
guarded against ; the tendency of the generator affected being to 
run as a motor. This is bound 'to result in its own mechanical 
injury and the overloading of the othSr generators; for not only 
must they now supply to the bus bars the current required by 
the external circuit, but that demanded by the one-time generator 
as well.' Even so apparently insignificant a matter as the burning 
out of the field rheostat of a generator running in parallel with 
others, may in this manner be the cause of serious loss and incon- 
venience. As an instance of the liability of such reversals, we 
quote from the letter of an engineer of large experience ; 

" We had a bad accident at the power-house a few evenings 
ago — caused by exciter trouble. We had two exciters working in 
multiple, and at about lo P.M. the switchboard attendant shut down 
one of the generators, cutting off the field, which slightly reduced 
the load on the exciters. For some reason or other one of the 
exciters dropped its load. We could not learn exactly how this 
occurred, but believe the water-wheel governor shut down the 
water-wheel driving the exciter. As the gate of the wheel closed, 
the exciter dropped its load and then began to take current as a 
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motor. This overloaded the remaining exciter until the load was 
so high that the voltage dropped and the fields of the generator 
weakened enough to drop the total load of the station. 

" The trouble would have been avoided had we been equipped 
with Reverse Current Circuit Breakers." 

Engineers on the Continent and in England have more fully 
appreciated the dangers to which generators running in parallel 
are subjected on account of such possibilities, and with them it is 
ordinary practice to protect such apparatus with Circuit Breakers 
which open the circuit upon reversal of the current. It was to 
meet conditions such as these 
that the instrument shown in 
the cut was designed. It has a 
rated capacity of 3,000 amperes, 
and while it may be closed or 
will remain closed on line pres- 
sure, even though no current 
is flowing in the main coil, it 
opens the circuit immediately 
upon a reversal of current to 
the amount of 70 amperes. 
This instrument forms a part 
of the installation of the power 
plant of the Metropolitan Underground Railway System of Paris. 

Instruments having this feature are also made with overload 
operation, thus providing most completely for the protection of the 
generator. 

In the case of ALTERNATING CURRENT GENERA- 
TORS operating on single-phase systems, requisite protection from 
overloads may be secured by the use of single pole Circuit 
Breakers of the alternating current type. 

H 
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For two-phase alternating current generators, double pole Cir- 
cnit Breakers should be used. These instruments, for this class of 
work, are provided with two operating coils, one to be connected in 
each phase ; thus the opening of the circuit will be insured in event 
of an overload, whether the system be balanced or not. 

Double pole, double coil instruments are also admirably 
adapted for the protection of three-phase generators. 

Double coil triple pole Circuit Breakers not only afford per- 
fect protection for three-phase generators, or Edison three-wire 
systems, but entirely disconnect the apparatus from the circuit in 
the event of an overload. 

Very useful adjuncts for Generator Circuit Breakers are 
described under the headings, "Auxiliary Coils" and "Insulated 
Buffers," in succeeding chapters in which the subject of Circuit 
Breaker Accessories are more fully treated. 
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SOME SPECIAL TYPES OF I-T-E CIRCUIT BREAKERS 
AND CIRCUIT BREAKER ACCESSORIES. 

In the design and construction of I-T-E Circuit Breakers, 
among the many important points never lost sight of is that of 
insuring proper operation of the instrument from any point within 
its range of adjustment. The restraining latch must secure the 
switch firmly in position, so that the instrument will open only upon 
the occurrence of a predetermined current flow, while the solenoid 
and plunger must develop ample energy to insure its release upon 
the occurrence of the least current for which the instrument is set. 
This certainty of action can only be secured by making the lowest 
limit of the adjustment of the instrument bear a certain relation to 
the number of turns in the operating coil. For this reason standard 
types of I-T-E Circuit Breakers are never calibrated to provide for 
lower adjustment than that corresponding with 25 per cent, below 
the rated capacity of the instrument. In most instances, the 
minimum adjustment as thus determined is more than ample, 
especially when the circuit breaker is used on a power or lighting 
circuit, where the conditions under which it is operated are 
comparatively constant. 

The maximum limit of adjustment is determined so that the 
heating, when continuously carrying the corresponding current, will 
not exceed by more than 65 per cent, that incident upon operation 
at rated capacity. This point coincides with an adjustment of 50 
per cent, in advance of the rated capacity of the instrument. 

I-T-E Circuit Breakers are guaranteed to run continuously at 
their rated capacities without heating more in any part than 20 
degrees Centigrade above the surrounding temperature. The 
question often arises, taking this rate of heating as a basis, what will 

16 
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be the heating at higher loads? At first sight it might seem proper 
to assume, as the heat generated in the instrument is proportional 
to the square of the current, the resistance being practically con- 
stant, that the temperature rise will also be in the same proportion; 
but it must not be forgotten that the rate at which radiation takes 
place varies with the difference in temperature between the radiating 
body and that of the surrounding medium. An approximate ex- 
pression showing the relation between current carried and the 
resulting temperature rise is given by the equation - "-jg-i- ' = — ^ — ' 
in which T, is the temperature rise caused by a sustained current C, 
and T, the temperature rise which will result from a sustained 
current C,. As an application of the foregoing, suppose that an 
instrument will carry ickd amperes with a temperature rise of 20 
degrees centigrade, what will be the temperature rise if it carries 150 
amperes? ^Substituting in the equation the values of T„ C, and C„ 

, 150* — 100' T, — 20 «^ o 

we have -^ — -^j— = or T, = -sa.; . 

2 X 100 20 < O J 

It is to be understood, of course, that this formula is applicable 
only within such limits of temperature as will not involve material 
change in the total resistance of the body under consideration. 

Where instruments are not intended to be used continuously at 
the maximum adjustment, the range may be extended accordingly; 
but for the average conditions of use, a range of adjustment varying 
between 75 per cent, of the rated capacity as a minimum and twice 
that as a maximum provides not only for the satisfactory perform- 
ance of the instrument, but gives the required flexibility as well. 
Special conditions may arise which require instruments having a 
wider range of adjustment than are provided in accordance with 
the foregoing. Particularly is this likely to be the case with instru- 
ments for laboratory work. Wide ranges of adjustment may be 
obtained in either of two ways ; a single instrument may be supplied 
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ILLUSTRATION No. 4 



with a number of interchangeable coils of 
varying capacities and providing different 
ranges of adjustment, or the instrument 
may be furnished with two fixed coils — 
one for use in connection with small cur- 
rents, and a heavier one for large currents. 
Cut No. 4 shows an instrument of the 
first-named class, one of a number furnished 
in accordance with the requirements of 
Prof Owens, of McGill University, Mon- 
treal, and now in use in the Electrical 
Laboratory of that institution. 
By the use of three coils a range of adjustment of 40 amperes 
to 225 amperes is secured. These coils are held in place by means 
of screws passing into the terminals fixed upon the base, while the 
plunger, the plunger guide-tube and 
adjustment stirrup may readily be re- 
moved by loosening a single thumb-nut 
which supports them in their proper 
position in the magnetic jacket. 

The adjusting stirrup, instead of 
being of the usual shape, is made tubu- 
lar in form, so as to provide ample 
room for the calibration scales, corres- 
ponding with the three distinct ranges 
of adjustment furnished by the differ- 
ent coils. 

Cut No. 5 shows a double pole 
instrument provided with two coils In 

series. The coil on the right is of 80 illustration no. 5 
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amperes capacity and provides a range of adjustment of from 25 
amperes to 150 amperes. The left-hand coil is of 600 amperes 
capacity and has a range of adjustment of from 200 amperes to 
1000 amperes. The switch shown at the bottom of the cut 
serves to short-circuit the coil of small carrying capacity when large 
currents are being used. Thus a single instrument is made to 
provide for a range of adjustment of from 25 to 1000 amperes. The 
one illustrated is used in connection with the generator testing set 
in the laboratory of the United States Navy Yard, at New York. 

The foregoing may serve to illustrate some of the many ways by 
which the range of the overload instrument has been extended, and 
the following are offered as suggestive examples of the means by 
which the scope of application of I-T-E Circuit Breakers has 

been widened. 

In industrial estab- 
lishments where circuit 
breakers are used, the 
necessity frequently arises 
for some convenient means 
of indicating the opening 
of these instruments. Par- 
ticularly is this need ap- 
parent in establishments 
where the work done is 
of such a character as to 
result in noise which ob- 
scures the sound incident 
upon the opening of the 
ILLUSTRATION No. 6 circuit breakers. The 

accompanying cut shows the manner in which an alarm bell or 
annunciator may be brought into the circuit upon the opening of 
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the instrument, the only modification necessary in the circuit 
breaker being the insulation of the buffers from the supporting 
frame, and providing them with suitable terminals for connection 
with bell and battery. The accompanying illustration (No. 6) 
clearly shows the arrangement of the signal circuit. 

Another valuable accessory of the I-T-E Circuit Breaker is 
the "auxiliary coil." This, as its name suggests, is a coil for 
operating the instrument upon special conditions, differing from 
those dealt with by "Overload," "Underload" or "No Voltage" 
instruments. This auxiliary coil is of fine wire, of many turns, 
and of comparatively high resistance. It is normally open-circuited 
and is adapted to receive the full line pressure of the system with 
which it is connected. When subjected to this pressure it instantly 
causes the opening of the circuit breaker. See illustration No. 7. 

A number of applications for this coil will at once suggest 
themselves to the engineer. This feature proves its value where it 
is necessary to place the switchboard under control from a distance, or 
where special apparatus must be controlled from a number of points. 

Another application is best illustrated by citing a practical 
case. In one of our large cities in the centre West, the draw-bridge 
constituting a part of a busy thoroughfare is operated electrically, 
the equipment being protected by a circuit breaker provided with 
an auxiliary coil. This coil is automatically brought into circuit 
by mechanism which moves synchronously with the bridge, so that 
at certain points in the travel of the bridge it closes the circuit of 
the auxiliary coil, causing the circuit breaker to cut off the power 
supply at the proper instant, both upon opening and closing of the 
draw. 

One of the large telephone companies applies the auxiliary 
coil in a very interesting way: instruments supplied with these 
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coils are used for the protection of the station storagfe batteries. A 
polarized relay is also in circuit with the storage battery and serves 
to bring the auxiliary coil into circuit upon the passage of a prede- 
termined reverse current. 

The foregoing instances only suggest the wide range of appli- 
cation of this device. Where the use of this coil is contemplated 
in the construction of an "Overload " Circuit Breaker, it may readily 
be enclosed within the main or overload coil, so that it will operate 
upon the same plunger. To meet cases where the "auxiliary 
coil " is an after-thought, a complete auxiliary tripping mechanism 
has been designed. This is entirely self-contained and is mounted 
upon the spring-tube of the instrument; it is readily placed in 
position and is highly efficient in its action. 

A combination of " insulated buffers" and "auxiliary coils" 
may be made to serve to cause the opening of one circuit breaker 
to effect the opening of 
another circuit breaker at 
a distance. In this case 
the opening of the first 
circuit breaker closes, 
through the buffers, the 
circuit of the auxiliary 
coil of the second circuit 
breaker in series with the 
bus bars. This scheme 
has been used for the 
protection of motor gen- 
erating sets. 
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ALTERNATING CURRENT CIRCUIT BREAKERS AS 
LIGHTNING ARRESTERS. 

While this is not by any means their most important function, 
all the testimony on this point suggests their efl&ciency. The well- 
known solenoidal principle, upon which the actuating mechanism 
depends, effects in the device a remarkably low inductance — a 
feature of importance where high frequencies are used. 

Mr. F. M. Tait, Superintendent of the Catasauqua Electric 
Light and Power Co., in writing, says : 

"Your I-T-E Alternating Current Circuit Breakers are giving 
perfect satisfaction. Those on our Switchboard were very efficient 
lightning arresters during the past summer." 

We also quote from a letter from Mr. Charles B. Hunt, 
Manager of the London Electric Co., Ltd., London, Ontario : 

" Since we put them on our switchboard we have not had a 

good opportunity of testi"'"' ^'" ~^'' ^~~^ 

evening, when one of 1 
storms that has visited tl 
time passed over the cit 
much pleased with the 
circuit breakers opened 
pressure from our lines c 
ning struck them. We tl 
to be quite a success." 

Many other similar 
letters could be quoted, 
but enough. 

In the selection of 
alternating current 
instruments, the question illustration no. a 
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of voltage is one of special importance. The instruments intended for 
operation on 2200 volts, of capacity from 5 to 60 amperes, are made 
on a larger and heavier scale than instruments of the same capacity 
for lower voltage, thus permitting a wider separation of the termi- 
nals and a longer break. The accompanying illustration, No. 8, 
clearly shows the clean, wide break obtained in the I-T-E Circuit 
Breaker. 

Instruments of from 80 to 200 amperes capacity at 2200 volts 
are made with the terminals insulated by means of hard rubber 
from the supporting base and switchboard, thus insuring against 
the effects which might otherwise result from the rupture of the 
current at this voltage. 

Alternating current instruments are invariably mounted on 
marble bases, thus avoiding the possibility of metallic veins, which 
may occur in slate bases. 



ILLUSTRATION No. 9 

l-T.E CIRCUIT BREAKER 

DOUBLE POLE, FOR iioo VOLTS AND UNDER 
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ELECTRICITY IN THE BAROMETER OF TRADE. 

The late Jay Gould referred to Iron as "the barometer of 
trade." Gibbon, the famous historian, more than one hundred 
years ago, in speaking of the Roman Empire, said; "The command 
of Iron soon gives a nation the command of Gold." If this was 
true in the time of the Romans, how much more true is it to-day ! 
Mr. Andrew Carnegie is a glittering example of the truth of Gib- 
bon's statement. 

It is in a great measure to Iron, in one form or another, that 
we owe the position that we occupy in the markets of the world. 
Our interest, however, is not in Iron or Steel in themselves, but in 
their manufacture and in the important part which Electricity has 
come to play in that manufacture ; and we are especially interested 
in all of the apparatus which increases the output of a shop or mill 
or which reduces the cost of a given output. Not only has the use 
of Electricity reduced the cost of production, but it has made possi- 
ble such prompt deliveries that our good friends, the English, attribute 
our sticcess in this direction to "pull" or to Yankee smartness. 
Does not our "smartness" chiefly consist in studying carefully the 
cost of every item and applying the best and latest methods to every 
detail of manufacture? Mr. Chas. T. Yerkes says: "The English 
do not know the value of the scrap heap." Our policy, briefly 
stated, is to do the best we can as quickly as we can, and to employ 
every known method, no matter how small or seemingly insigniii- 
cant. 

The visitor to any of our large iron or steel mills is perhaps 
most of all interested in the electric equipment. The power-house 
is often of many thousand horse-power capacity ; amazed — stunned 
as it were— by their magnitude, he is almost immediately struck by 
the comparatively few men who are operating these immense works. 
Electricity has reduced the number of men necessary to a given 
operation and increased their output. It is a wonderful sight to see 
a gigantic electric crane glide quietly and rapidly down the length 
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of an enormous building, stop right over an oven, the door of which 
is thrown back, and a pair of tongs descend from the crane, catch 
hold of an ingot weighing many tons, lift it and convey it to the 
rolls (also operated by Electricity), where it is immediately trans- 
formed into a beam or plate. Formerly the work performed before 
the visitor's eye was done by a slow, expensive process, employing 
hundreds of men in an exhausted condition, owing to the intense 
heat; to-day, one man standing in an enclosure at some distance 
from the actual operation, is controlling all of the various motors 
that are required for operating this almost human mechanism. 
There is speed without confusion ; no hitch occurs, and yet the 
immense power back of these machines is all perfectly controlled and 
acting, as it were, automatically. 
To the casual observer, all 
that is required to operate these 
huge machines by Electricity is 
the current itself and means for 
applying and cutting off the same ; 
but with these alone a plant would 
soon be in trouble ; bvirnt-out 
motor or generator armatures 
would be the rule rather than the 
exception, for these machines are 
frequently subjected to enormous 
overloads, and the best apparatus 
manufactured could not withstand 
these sudden strains. At this 
point the I-T-E Automatic Cir- 
cuit Breaker comes into use. 
This apparatus is designed to pro- 
tect motors and generators from 
these sudden inrushes of current, 
automatically opening the line 
when the current exceeds a pre- 




ILIAJSTRATION No. 12 
FRONT VIEW of Ihe I-T-E Antotnatic Circuit 
Brealcer, indicating tlic path of tlie current and tiie 
operation of tlie inatrument. 



25 



Digitized by Cj OOQ IC 



determined danger point. The 
I-T-E Circuit Breaker is par- 
ticularly well suited for such work, 
owing to its careful design, its 
simplicity in operation and its 
mechanical strength. Primarily 
it is a switch that opens auto- 
matically, and it has frequently 
been spoken of as "an electric 
safety-valve. " 

Illustration No. I2 shows a 
front view of thisdevice. The cur- 
rent in the circuit enters at "A," 
passes through the solenoid coil 
"B" (which in its iron jacket be- 
comes a powerfial magnet) through 
the copper terminal " C" to the 
contact blades " D," across the 
bridge at "E" to the contact blades 
"F" and out into the line at "G 

indicated above can perhaps be better understood by reference to 
illustration No. 13, which gives a top view of the instrument. 

When the current in the solenoid coil produces sufficient mag- 
netism to overcome the weight of the plunger, this plunger is drawn 
up with constantly increasing velocity until it strikes a restraining 
latch or trigger, which forces the arm out of the switch, thus auto- 
matically opening the circuit. These instruments can be made to 
open at any current value and they open the circuit the instant the 
current reaches any predetermined limit. The copper contacts are 
separated and the carbon contacts are so designed that the arc 
caused by the opening of the circuit under full load is broken on 
these carbons, and the copper contacts are thus entirely protected 
from the effects of the arc. 



ILLUSTR4TI0N No. ij 

TOP VIEW I.T-B Aatomalic Circuit Breaker, 
indicating tfae patti of the current and tlie operation 
of the f 



The path of the current as 
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In every plant of importance Circuit 
Breakers have entirely superseded the use 
of the now antiquated fuse, which formerly 
was thought to afford the necessary protec- 
tion. Not only do I-T-E Circuit Breakers 
protect the motors, generators and appar- 
atus generally from the effects of an overload 
or short-circuit, but they also result in 
great saving of power in the generating 
plant. Mr. Richardson, the distinguished 
Electrical Engineer of the American Bridge 
Co., in speaking of the I-T-E Circuit Break- 
er, said: 

"We have more than fifty electric 
cranes equipped with I-T-E Circuit Break- illustration n,. u 

ers which it would now be almost impossible 

to work without them. They are giving us very good satisfactfon, es- 
pecially in saving power at the power station. For instance, we have 
at present connected there 200 motors of a rated capacity of 2,500 
H. P., while our generator capacity is only 375 H. P. I think the 
introduction of your I-T-E Automatic Circuit Breaker in our plant 
has been of great benefit to us." 

This was several years ago, since which time the capacity 
of this plant has been many times increased, and 
I-T-E Circuit Breakers have not been forgotten. 
The most popular type of Circuit Breaker for 
motor protection is the Stand.\rd Switchbc^rd 
instrument, illustration No. 14. This type has 
a normal capacity of from 80 to 1,000 amperes, 
the normal capacity of each machine being fixed, 
but susceptible of an adjustment of from 25% 
below to ^or^ above its actual or normal rating. 
Smaller instruments are provided for smaller 
ILLUSTRATION No. 15 motOTS (scc lUustration No. 15), known as the 



Digitized by tj OOQ IC 



Midget Senior type ; these instruments 
have a normal capacity of from 5 to 300 
amperes, and are susceptible of the same 
adjustment as given for the Standard 
Switchboard type. 

Single pole instruments are perhaps 
more generally used, being connected in 
series with the positive wire between the 
starting-box and the switch. For gen- 
erator protection Double Pole Circuit 
Breakers are frequently used, as they dis- 
connect the generator from both sides of 
the line, and render impossible any 
danger from lightning and stray currents. 
ILLUSTRATION No. ,6 Illustration No. i6 shows a double pole 

instrument of the Standard type, while 
illustration No. 1 7 shows an instrument of smaller capacity. 

The use of the I-T-E Circuit Breaker prevents injury to 
apparatus due to unskilled handling. The only thing to be borne 
in mind is that the Circuit Breaker must be closed before the 
switch is thrown, so that in case of overload or short-circuit the 
instrument will immediately open. Where the switch is closed 
first and the Circuit Breaker afterwards, the 
result has sometimes been surprising, not to say 
unpleasant to the attendant. 

In a large plant, such as the Jones & 
Laughlin Co., of Pittsburg, where there is more 
or less complex system of wiring required, in 
order to insure having the Circuit Breaker con- 
nected on the positive wire, and to protect both 
wires from an overload. Double Pole, Double 
Coil I-T-E Circuit Breakers are used. These 
instruments have two operating coils, one con- 
nected in series with each wire of the circuit, illustration no. 17 
28 
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and in case of an overload affecting either 
wire, or both, the breaker is instantly 
opened and the motor entirely disconnected 
from the circuit. For instruments of this 
type see illustration No. i8. 

But it is not from overload alone 
that the I-T-E Circuit Breaker affords pro- 
tection. If from any cause the generator 
of one of these large plants shuts down, 
or a feeder switch is accidentally opened, 
the motors stop, and when the generator 
is again started, or the switch closed, the 
ILLUSTRATIU.1 No. i8 , rcsistauce being all cut out at the starting- 
boxes, the motor armature will be short- 
circuited. To overcome this danger (and it is a very common 
one), an I-T-E Circuit Breaker has been designed to open auto- 
matically in case of "no voltage" on the line, so that when the 
circuit is closed, or the generator started up, the motors will all 
have been disconnected from the line by the Circuit Breakers hav- 
ing opened automatically, and a short-circuit of the motor arma- 
tures thereby prevented. An instrument of this type is shown in 
illustration No. 19. 

A prominent engineer recently remarked : 
"The steel industry presents very similar elec- 
trical problems to the street railway, with its 
constantly changing loads. As a large motor 
or tool or crane is put into operation, at times 
the peak of the load becomes very great and 
the next instant the load mav be reduced to 
almost nothing." 

The application of the storage battery to 
such a plant not only takes the strain due to 
these loads off of the generator, but admits of 
a smaller generating plant, the storage battery illustration no. 19 
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charging during these moments of light load, 
and discharging or carrying part of the load 
during a period of heavy load. Here again 
an I-T-E Circuit Breaker is required, and the 
Overload and Underload types are spe- 
cially designed for such storage battery work. 
(See illustration No. 20.) 

If the battery is placed in multiple with 
the line (as on a street railway), the plain 
Overload Circuit Breaker is all that is re- 
quired, but if the battery is charged in series 
with the line, a Circuit Breaker actuated by 
Underload is needed to prevent the battery 
ILLUSTRATION No. ao discharging and running the dynamo as a 
motor, in case the voltage of the latter should 
drop below the voltage of the battery, due to the dynamo slowing 
down. 

In brief, every required protection can be secured by the use 
of one type or another of the I-T-E Circuit Breaker. Its scope of 
usefulness is almost unlimited, and the size of the instruments 
required is constantly in- 
creasing. Thus the great 
Illinois Steel Company, of 
Chicago, through its Elec- 
trical Engineer, Mr. E. B. 
Clark, has recently installed 
a large number of I-T-E Cir- 
cuit Breakers, among them 
an instrument of 5,000 
amperes capacity, such as 
shown in illustration No. 21. 
This type is made up to 
7,500 amperes capacity. 

ILLUSTRATION No. ii 
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On account of the incessant noise in rolling mills, and in fact 
in all parts of a steel plant, the engineer in charge is likely to 
overlook the opening of a Circuit Breaker, which may cut out an 
entire shop from the power plant. In order that he may be 
instantly apprised of the opening of a Circuit Breaker, a small, 
inexpensive attachment has been devised. This consists of a pait 
of insulated buffers. The opening of the Circuit Breaker closes a 
local circuit, which operates a signal or annunciator, as may be 
best adapted to the peculiar requirements. This has already been 
illustrated by a diagram in our "I-T-E Circuit Breaker Practice, 
No. 2." 

We have endeavored briefly to suggest some of the most com- 
mon uses of the I-T-E Circuit Breaker in an industry which is the 
pride of our country, but there are many other uses which will 
suggest themselves to the electrician in charge of every isolated 
plant. Scarcely an industry of importance but has its own electric 
equipment, for what is true of one plant is true of another, to a 
very great degree. We have all the same ambition; we are all 
striving to increase our output and to diminish its cost. The power 
which has enabled the rolling mill to accomplish this is equally 
efficient and equally to be desired in almost every other manufact- 
uring industry. The great newspaper, printed on Hoe presses, is 
driven by electricity and safeguarded by I-T-E Circuit Breakers. 
The Public Printing Office of the United States Government, at 
Washington, which, when completed, will be the largest and best 
equipped plant of its kind in the world, will be operated entirely 
by electricity, and in its electrical equipment the I-T-E Circuit 
Breaker will occupy no mean position. Mr. W. H. Tapley, the 
Electrical Engineer in charge of this immense power plant, stated 
in one of the electrical papers some time since, that it was only 
upon the advent of the modern Circuit Breaker that protection 
worthy of the name was secured for motor-driven machinery, and 
he forcibly illustrates the fact that protection is needed, not alone 
to the motor, but to the machine driven by it, the relative value of 
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a printing-press being ten times that of its motor, which justifies 
his statement that "the protection of the machinery must not be 
lost sight of" 

When it is realized that the I-T-E Circuit Brealrer protects 
both motor and machinery, it will be readily seen that ideal pro- 
tection is obtained. 

Our large shipyards, which are building battle-ships which are 
accepted as models of their class, employ the same power, protected 
by the same apparatus, for driving their machine tools. Cramps' 
Shipyard of Philadelphia, the electrical equipment of which is in 
charge of Mr. Chas. J. Dougherty, has been frequently described, 
as has the electrical equipment of the Union Iron Works of San 
Francisco, in charge of Mr. W. W. Hanscom, their Electrical 
Engineer. 

The I-T-E Circuit Breaker has its important place in the big 
fighting machines recently constructed for the United States, the 
Russian, and the Japanese navies. These marine equipments will 
be described in another number. 

Through the courtesy of Mr. F. L. Stevenson, the electrical 
engineer of the Deering Harvester Co., we are enabled to illustrate 
the switchboard recently installed in their plant in Chicago. Its 
beauty is apparent, and it only remains to describe it briefly. It is 
47 feet long, and 7 3^ feet high, composed of twenty panels of blue 
Vermont marble. The system employed is 600 volts, three-phase 
alternating current operating both induction and synchronous mo- 
tors. This entire electrical equipment was fully described in the 
"American Electrician" for August, 1900, under the heading "The 
Largest Isolated Plant of Induction Motors in the World." 

It would not be possible — at least it would not be profitable — to 
further enumerate in detail the large plants throughout this coun- 
try using I-T-E Circuit Breakers. Their number is constantly 
increasing as the value of this apparatus becomes better under- 
stood. As has been said, "The ultimate requirements of a Circuit 
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Breaker are that wc can rely upon it to do all that we have shown 
it should do, and operate successfully, not once, twice, or for a 
month, but always. To produce such an instrument the highest 
skill, electrical and mechanical, is required. Long study of the 
existing state of the art and the conditions under which Circuit 
Breakers are called upon to operate are necessary, and the closest 
attention must be given to every detail of their manufacture." 

The Cutter Company feels that the I-T-E Circuit Breaker 
manufactured by them entirely fills these requirements. More than 
eighteen thousand (18,000) sizes and types are listed or suggested 
in their published catalogues, and special instruments to meet 
special conditions are always in building. They refer, without 
permission, but with pardonable pride, to a few important users of 
I-T-B Circuit Breakers in addition to those already mentioned : 
The Carnegie Steel Co., Pittsburg, Pa. 
The American Steel Castings Co., Alliance, Ohio. 
National Steel Co., Keystone, Ohio. 
The Granite City Steel Co., Granite City, 111. 
The Lorain Steel Co., Lorain, Ohio. 
Bridgeport Brass Works, Bridgeport, Conn. 
Midvale Steel Co., Philadelphia, Pa. 
Maryland Steel Co., Sparrows Point, Md. 
Pennsylvania Steel Co., Steelton, Pa. 
American Tin Plate Co., New Castle, Pa. 
The Richmond Locomotive Works, Richmond, Va. 
National Tube Works, McKeesport, Pa. 
New Jersey Zinc Co., Hazard, Pa. 

Baltimore Copper, Smelting and Rolling Co., Baltimore, Md. 
Pullman Parlor Car Co., Chicago, 111. 
The Vulcanite Portland Cement Co., Phillipsburg, N. J. 
The Atlas Cement Co., Northampton, Pa. 
United States Steel Corporation. 
The National Cash Register Co., Dayton, Ohio. 
The Gould Coupler Co., Depew, N. Y. 
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Link Belt Engineering Co., Philadelphia. 
J. P. Mathieu, Kid Factory, Philadelphia. 
Stetson's Hat Factory, Philadelphia, Pa. 
"San Francisco Examiner," San Francisco, Cal. 
Armour & Co., Chicago, Kansas City and Omaha. 
Cudahy Packing Co., Kansas City, Mo. 
Cotton Oil and Fibre Co., Norfolk, Va. 
Anaconda Copper Co., Anaconda, Montana. 
Pennsylvania Railroad Co. 

New York, New Haven and Hartford Railroad Co. 
New York Central Railroad Co. 
Metropolitan Street Railway Co., New York. 
Metropolitan Street Railway Co., Kansas City, Mo. 
Metropolitan Street Railway Co., Chicago, 111. 
Metropolitan Underground Railway of Paris. 
Montreal Street Railway Co., Montreal, Canada. 



ILLUSTRATION No. as 

Diagram showing connections of double pole 
I'T-B Circnit Breaicer, as used to protect motor 
from overload and ahoit circuit. 
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7500 Amperes Capacity 
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For obvious reasons it is a field difficult to enter. Immense 
difficulties have to be overcome. Especially is this the case in intro- 
ducing to the attention of the General Manager or Engineer of an 
important Street Railway a comparatively small piece of apparatus 
at a time when his mind is fully occupied with the question of 
generators and equipment; yet it is just at this time when the 
question of the protection to his apparatus should be uppermost in 
his mind, for the apparatus to be protected is costly and easily 
damaged. 

For the past seven years we have devoted practically our entire 
attention to the manufacture of I-T-E Circuit Breakers of every 
possible size and type. During this time we have consistently 
maintained that the final arc should be broken upon carbon. In 
this we have been opposed ; but recently the manufacture of com- 
petitive apparatus on lines somewhat similar to our own leads us to 
believe that the strength of our argument is admitted. 

We have several thousand knife-blade instruments, of capaci- 
ties up to 1500 amperes, working satisfactorily on important street 
railways all over the United States, Canada and Europe. Never- 
theless, we have never been entirely satisfied that this type of 
Circuit Breaker, especially in large sizes, was the best that could be 
produced. For the past two years we have been at work upon a 
Circuit Breaker which would overcome all criticism, carefully study- 
ing the conditions under which it has to operate, and profiting not 
only by our experience, but that of our competitors, both in this 
country and abroad. 

Having instituted so many important developments, and being 
the originators of such a large number of entirely new types, it was 
but natural that engineers should look to the makers of the I-T-E 
Circuit Breaker for an instrument in which all objections should 
be overcome. As has been stated, we have maintained that the 
final arc should be broken on carbon. We have also believed that 
all current-carrying parts should be in plain sight, easily under 
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the eye of the switchboard attendant. The instrument should also 
be instant in operation, easily reset, and capable of being placed 
either at the top or bottom of the switchboard. 

In presenting (see illustration No. 26) the I-T-B LAMINATED 
CIRCUIT BREAKER, built for direct current in capacities up 
to 7,500 amperes, and for voltages 
of 750 or less, we wish to call 
attention to the following features. 

First. The shunt circuit 
is entirely non-inductive ; this 
feature renders it easy for the 
current to be diverted from the 
main bridge to the shunt circuit, 
and renders impossible any arc- 
ing upon the main contacts. 

Second. The breaking parts 
are all in plain view and easily 
removed and replaced, while the 
adjustment can be easily changed 
by the turn of a thumb screw. 

Third. The main bridge, as 
mounted upon the switch-arm, 
is insulated from the shunt 
circuit. In the act of open- 
ing, therefore, the bridge is first 
brought entirely out of circuit 
prior to the opening of the shunt 
circuit, thus rendering unlikely 
the bringing of the bridge into circuit again by the expansion of 
the arc, due to the final breaking. This action is further secured 
by the peculiarly constructed slot in which the main switch-arm 
pivot moves, permitting a parallel movement of the two ends of the 
bridge in opening. 




ILLUSTRATION No. 27 

Front view I.T-B Laminated Railway Type. 

1500 Amperea, nonnal rating. 
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Fourth. Free preliminary movement of the armature, whicli 
operates upon the trigger. In the opening of the Circuit Brealser, 
therefore, the trigger is actuated by a hammer blow, rendering the 
adjustment of the Circuit Breaker free from the influence of 
friction. It is, in fact, governed entirely by two constant forces — 
gravitation and mechanism. 

Fifth. The construction of the instrument is such that no 
parts of the frame are in circuit, whether the instrument is 
open or closed. 

Sixth. The construction of the laminated bridge is such as to 
provide contact of the least possible resist- 
ance. These contacts are ground into form 
by a process which we believe is employed 
only by ourselves, and which insures perfect 
results. 

Seventh. The instrument is prac- 
tically self-contained, and for this reason 
may be transferred from one panel to 
another, or remounted as may be required, 
without the necessity of unusually skilled 
mechanics. 

The principle of 
the I-T-E Circuit 
Breaker, to which 
the merit of this 
instrument is large- 
ly due, has been 
many times ex- 
plained, and yet 
the fact that we are 
still asked, "What 
does I-T-E mean?" 
suggests to us that 
a fuller explanation 




ILLUSTRATION No. 38 

Side view I-T-E Lnminsted Railway Type. 

];oo Amperes, nortnal rating. 
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maynotbe outof place. "I-T-E" stanisfor "inverse time element,' 
which might be defined in several ways : That in inverse proportion 
to the current is the time element of action ; which is, the heavier 
the current, the quicker the action ; or, the greater the danger or 
necessity, the quicker the relief ; or that the time of opening the 
circuit becomes less and less as the conditions of the circuit protected 
approach nearer and nearer a short-circuit. In other words, it is 
the principle tliat makes circuit breaiiers practical. 

We believe that where merit alone is considered, the I-T-E 
LAMINATED CIRCUIT BREAKER will invariably be used. 
Tests recently made, not only in this country, but abroad, have con- 
vinced us of the all-round superiority of this instrument over any 
other machine now on the market. 

In the important matter of price, we believe that these instru- 
ments are, value for value, cheaper than any other machines which 
have ever been built. The large independent companies, whose 
apparatus is excelled by none, such as the Bullock Electric Mfg. Co. 
of Cincinnati, Ohio, the Crocker-Wheeler Co. of Ampere, N. J., the 
Stanley Electric Mfg. Co. of Pittsfield, Mass., are specifying and 
using these instruments on all of their important contracts. 

In addition, we have recently installed instruments of this type 
up to 5000 amperes capacity upon the Metropolitan West Side Ele- 
vated of Chicago, the Metropolitan Street Railway Co. of New York, 
the Metropolitan Underground Co. of Paris, France, the Metropoli- 
tan Street Railway Co. of Kansas City, Mo., the Union Traction Co. 
of Philadelphia, Montreal Street Railway Co. of Montreal, Canada, 
the Brooklyn Heights Elevated Railway Co. of Brooklyn, and they 
have also been specified in some of the most important railway 
work now under construction. 

The accompanying illustration. No. 29, shows an instrument 
designed for the protection of motor -generating apparatus for 
booster work. The instrument consists of one double pole switch 
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and one single pole cir- 
cuit breaker. The switch 
is so arranged as to be 
opened by the opening of 
the circuit breaker. The 
circuit breaker itself is 
placed in the circuit of 
the motor side of the 
outfit. The double pole 
switch, the two poles of 
which are located at op- 
posite ends of the tablet, 
controls the circuits of 

the two boosters. In the illustration no. 39 

system in connection 

with which this apparatus is used, both positive and negative wires 
are insulated from ground, and one booster is in connection with 
each side of the line. It will be seen that the operation of the 
instrument renders it impossible for the circuits of the boosters to 
remain closed after the circuit of the motor operating them has 
been interrupted by the circuit breaker. Disastrous effects, likely 
to follow from the currents feeding back through the boosters, are 
thereby avoided. 

Designed by the Cutter Company for Robert W. Blackwell & 
Company, Ltd., London, New York and Paris. 

OVERLOAD AND REVERSAL 

We were the first to design instruments of this type, fully 
appreciating the dangers to which generators running in parallel 
are subjected. This subject will be fully taken up in another place. 
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ALTERNATING CURRENT I-T-E CIRCUIT BREAKERS. 



The use of alternating current for lighting work, and its re- 
cent wide application for power transmission and distribution, has 
very naturally created a demand for the necessary protective devices. 
In order to meet this demand, we have perfected through a series of 
years a number of types of Alternating Current Circuit Breakers 
which meet successfully almost all of the conditions for which the 
alternating current is employed. Illustration No. 36 shows an 
instrument which is much in favor with managers and engineers of 
electric light stations empl 
alternating current. It is 
of 200 amperes or less, ant 
voltage up to 2200. 1 
separated by an ample dis 
movement of the switch am 
for the arc to " hang fire ' 
of the instrument, even u 
of the severest condi- 
tions. 

The demand for a 
protective device for 
units of larger size at 
2200 volts is met by a 
specially designed type 

of the " I-T-E Laminated ," illustration n«. 36. 

made at present for this work up to 1500 amperes. As will be 
seen by reference to illustration No. 37, the auxiliary contacts are car- 
ried high above the main terminals ; thus at the same time localizing 
the arc at breaking, and giving a degree of movement to the switch 
arm which absolutely insures the rupture of the arc, while the 
position of the handle and the downward movement used in closing 
permits the instrument to be placed at the top of the switchboard. 
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ILLUSTRATION No. 37. aaoo VOLT TYPE. 



and for any voltage up to i lOO. The two poles are very carefully 
insulated one from the other, and the operating handle so located 
that the operator is free from danger of coming into contact with 
live parts in closing the instrument. 

Illustrations Nos. 39 and 40 show I-T-E Circuit Breakers par- 
ticularly adapted to the protection of two and three-phase circuits, 
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generators, or individual motors. 
The instrument shown in illus- 
tration No. 39 is of the "Knife 
Blade" type; having two coils, 
it will respond to an overload 
in either phase of the circuit. 
Cut No. 40 is a Circuit Breaker 
of the "Laminated " type and is 
also provided with two coils; it 
is triple pole and thus provides 
for the complete severance of 
three-phase circuits. The front- 
ispiece is an illustration of the 

power switchboard of a large illustration no. 38. 

manufacturing plant employing 

three-phase current. The feeders are all protected by double pole, 
double coil I-T-E Circuit Breakers ; the earlier installation shown 
at the left of the cut being of the "Knife Blade" type, the later of 
the "Laminated" pattern. 

In dealing with the protection of 
multiphase power circuits, one of the 
first points likely to be raised is the heavy 
current incident upon the starting of 
most of the types of induction motors 
now in use. In the case of generator 
and feeder protection this is a matter of 
small moment, as when a number of 
motors are connected to the same feeder, 
there is slight probability of all or many 
of them being started at the same instant. 
The maximum demand upon the gen- 
erator or feeder is not likely to seriously 
exceed the normal running load, except 
ILLUSTRATION No. 39- upou the occurrcnce of abnormal condi- 

I.T.E CIRCUIT BREAKER. ^ 

Double Pole, Double ColL 
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ILLUSTRATION No. 40. 

I.T-E LAMINATED. 
Triple Pole, Double Coll. 



for in case of the blowing of 
protecting a motor, the motor 
coming to a standstill 
(being still in connection 
with the remaining wires 
of the system), would soon 
burn out unless the cur- 
rent were speedily inter- 
rupted by the blowing of 
one of the remaining fuses, 
an event somewhat remote 
from probability, as the 
current in this case is not 
necessarily greater than 
that which the fuses must 
carry at starting. 

The I-T-E Circuit 
Brealier may, however, be 



tions, and an adjustment some- 
what in excess of the full load 
current provides ample margin 
for ordinary working conditions, 
this case being quite analogous 
to that of street railway feeders. 
The protection by means of 
circuit brealiers of the multi- 
phase motor offers a somewhat 
different problem, which, on ac- 
count of its difficulties, has led 
some engineers to display a pref- 
erence for fuses for this purpose. 
The fuse in this connection adds 
one failing to the already long 
list for which it stands sponsor ; 
only one fuse of a set supposedly 
would gradually slow down, and, 

GENERATOR 




DIAGRAM No. 41. 



Digitized by tj OOQ IC 




DIAGRAM No. 43. 



GENERATOR Connected into the poly- 

=^ phase motor circuit ir 
such a manner that it will 
be out of circuit during 
the passage of the excess- 
ive starting curreats, com- 
ing into service only when 
the motor is connected to 
line in the running posi- 
tion. Diagram No. 41 
shows the usual connec- 
tionsof a three-phase motor 
and starting device. Dia- 
gram No. 42 shows how the 
three-pole circuit breaker 
may be introduced so that 
it is in circuit under running conditions only, being out of circuit 
at starting. As the switches of this instru- 
ment are rigidly connected, they,of necessity, 
operate in unison and preclude the disas- 
trous possibilities incident upon the use of 
independent fuses. 

Regarding the types of motors having 
an internal resistance which is cut out as 
the motors come up to speed, little need be 
said, as for this apparatus the standard types 
of overload instruments afford ideal protec- 
tion without the need of special connections, 
because with this type of motor the starting 
current seldom exceeds full load current 
by more than 50 per cent., a condition which 
permits of providing the Circuit Breaker 
with an adjustment which will allow the 
passage of the starting current, and yet 



ILLUSTRATION No. 43. 
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give adequate protection to the motor under running conditions. 
Illustration No. 43 shows an "Overload and No Voltage" 
I-T-E Circuit Breaker for polyphase work. Not only does it 
operate upon overload, but it opens the circuit upon a failure of 
the voltage in either phase of the polyphase system. The instru- 
ment shown was designed for a two-phase system ; the principles 
which it involves are applied, however, with equal effectiveness to 
three-phase systems. 



MAC.NF.T rSF.n FOR 

I-T-E CIRCUIT BREAKERS 

FOR ALTERNATING CURRENT WITH " NO 

VOLTAGE" RELEASE 
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REVERSAL TYPE I-T-E CIRCUIT BREAKERS. 



The interest aroused by our presentation of REVERSE 
CURRENT CIRCUIT BREAKERS, in the first number of 
"Circuit Breaker Practice," seems to demand a further expo- 
sition of this subject. As before stated, the function of these 
instruments is to prevent an undue ilow of current in the 
reverse direction in the circuits of generators operating together 
in parallel, and in systems employing storage batteries or motor 
generating sets. In the first-named instance, no matter how 
reliable the prime movers operating the generators, unexpected 
variations in the speed of the different units are almost certain 
to arise, in which event the generators running at the higher 
speeds bear an undue proportion of the load, and at the same 
time may be called upon also to furnish current to operate 
the more slowly moving generators a:s motors. Where the 
power is supplied by turbines or steam engines, no argument 
is needed to prove the probability of such improper operation, 
while in the latest practice (which represents perhaps the highest 
' development of electrical engineering), employing generators in 
parallel, operated by synchronous motors, which in turn are 
connected in parallel, Reverse Current Circuit Breakers are 
now being employed as a necessary safeguard. 

Reverse Current Circuit Breakers accommodate themselves 
admirably to the protection of storage battery charging sets, 
their action absolutely preventing a reversal of the battery 
current into the generator, from which it is supposedly being 
charged, and these instruments have this feature of especial 
value, that they may be closed if the circuit is up to, or 
nearly up to, normal working potential, even though the main 
switch be open. This permits the employment of the usual 
practice of first closing the circuit breaker and finally closing 
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the circuit by means of the hand switch, thus leaving the circuit 
breaker entirely free to act. 

The first REVERSE CURRENT instruments used commer- 
cially were designed and made by THE CUTTER COMPANY a 
number of years ago, in order to meet some peculiar conditions 
incident upon the use of storage batteries forming a part of the 
equipment of electric locomotives used in mine work. These loco- 
motives during a part of their 
run were in connection with 
the generating station by means 
of a trolley, but the power for 
running through low galleries, 
where overhead wires could not 
be installed, had to be supplied 
by other means ; accordingly, 
each locomotive carried a stor- 
age battery in parallel with 
its motors. The batteries 
took their charge while in 
connection with the trolley 
and operated the motors 
upon the sections where there 
was no direct connection 
with the power station. As 
the line voltage was subject 
to wide fluctuations, on ac- 
count of heavy variations in the 
load, it was necessary to pro- 
vide means for the disconnection of the battery in case the voltage 
of the line should fall below that of the battery, causing it to dis- 
charge uselessly back into the line. This end was accomplished 
by the employment of an I-T-E CIRCUIT BREAKER, having 
a compound-wound operating coil. The instrument is illustrated 
in cut No. 30, the coil referred to being shown on the right-hand side 




ILLUSTRATION No. 30 
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of the illustration. The shunt winding of this coil was connected 
to the terminals of the battery, receiving its full pressure, and 
was of sufficient power to operate the circuit breaker at the 
highest voltage to which the battery might with safety be sub- 
jected; the series winding of the coil was in the trolley circuit, 
and connected in such a way that when the current was flowing 
through it into the battery it was magnetically in opposition 
to the shunt coil ; but upon a 
discharge of the battery cur- 
rent into the line, this coil 
would act in conjunction with 
the shunt coil, thus effecting 
the operation of the instru- 
ment and disconnecting the bat- 
tery. The small coil to the left 
and in series with the switch 
serves to disconnect the battery 
in case of overload. Cut No. 
31 shows the connections of 
this little instrument, the 
pioneer circuit breaker of the 
REVERSAL type. 

Instruments having the re- 
versal feature are made either 
with or without overload actua- 
tion, as may be required, of 
Standard Switchboard type, 
having knife blade contacts, or 
of the Laminated type, in which the switch contact is made by 
means of a movable member, built of flexible copper leaves, 
engaging under pressure with flat contact terminals. While the 
construction of these two types differs somewhat in detail, the 
principles underlying the operation of each are the same. In 
the Knife Blade or Standard Switchboard type of instrument the 
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magnet controlling the operation upon reverse current is placed 
just above the switch. It consists of two coils — one in series 
with the switch carrying the main current, and a second of high 
resistance, which is connected in shunt across the circuit receiv- 
ing its full voltage. The connection of one end of this coil is 

made on the movable 

switch member of the in- 
strument by means of a 
small spring-actuated 
plunger, so situated and 
proportioned that the cir- 
cuit of the shunt coil is 
broken before the main 
circuit is interrupted. By 
this precaution the coil is 
protected from the in- 
duced electro-motive force 
liable to occur in the 
event of the circuit breaker 
being opened when the 
circuit is loaded. This 
precaution is particularly 
necessary where the in- 
strument combines the 
overload actuation with 
the reverse current feat- 
ure. The connections of 
these coils will be readily 
seen by reference to the diagram as shown above, No. 32. The 
main coil and shunt coil act on one magnetic circuit, which is com- 
pleted through a movable armature brought into contact with the 
magnet pole pieces by the act of closing the circuit breaker. This 
armature is pivoted upon the same centre as that which supports the 
restraining latch of the instrument, and is actuated by a spring 




ILLUSTRATION No. »a 
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tending to draw it away from the pole faces when the magnet- 
ism decreases sufficiently to allow its release ; it is then pro- 
jected by the spring against the latch, causing the opening of 
the circuit breaker. 

The shunt coil is so designed as to provide magnetism suffi- 
cient to restrain the armature at full potential, even though no 
current be flowing in the main circuit. It is obvious then that 
current flowing in one direction in the main coil will act to in- 
crease the magnetism induced by the shunt coil, while the flow 
of current in the Opposite direc- — 

tion will decrease this magnet- 
ism, or, if the reverse current he 
of sufficient value, it will over- 
come the magnetism of the shunt 
coil and set up a magnetic flow 
in the opposite direction. In 
view of this latter phenomenon, 
it might be urged that the cur- 
rent may be reversed with suf- 
ficient rapidity to interfere with 
the operation of the circuit 
breaker. Careful tests, however, 
invariably produce results con- 
trary to this theory, which, it 
will be seen upon careful con- 

•J »• c ^\. r ^ I J1 ILLUSTRATION No. M 

sideration of the tacts, is hardly 

tenable. The reversal magnet requires, let us assume, about 
80 ampere turns for its proper magnetization, this amount 
being necessary to enable the magnet to securely grip the 
armature; owing to the hysteretic qualities of the iron com- 
posing the magnetic circuit, the armature will not be released 
until the resultant magnetizing force is reduced to about 40 
ampere turns, but in order to cause the re-engagement of the 
armature upon the reversed current, the magnetic force must 
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be built up to 80 ampere turns in the contrary direction, 
and that while the armature and magnet are still in contact. 
It must be borne in mind that the attraction of the magnet 
for its armature rapidly diminishes as they separate. The armature, 
being of comparatively small mass, moves quite rapidly under the 
impulse of the controlling spring, and careful calculations show 
that in our Standard type of Reversal Circuit Breakers — say, for 
example, of 600 amperes capacity — the current must change in 
value upon reversal at a rate much in excess of 800 amperes 
in I -100 of a second in order to cause faulty action of the in- 
strument. The impossibility of "beating" the instrument by ex- 
tremely rapid reversal of the current has 
been proved in a more practical way by 
carefully arranged tests. Theory and 
practice unite to prove the reliability of 
the instrument under all practical con- 
ditions. 

Illustration No. 33 shows an "Over- 
load and Reversal" Circuit Breaker of the 
Laminated type. In this instrument both 
the overload and the series reversal coil 
are placed below the switch, and instead 
of being in series each with the other, 
the two are in parallel, each carrying one- 
half of the total current. 

The Reversal Circuit Breakers above 
ILLUSTRATION No. ,t descHbed will operate upon a CESSA- 
TION OF THE VOLTAGE of the circuit of which they 
form a part, as in this case the magnetism of the reversal 
magnet fails entirely. In the majority of cases this feature adds 
to the value of the instrument, preventing the possibility of a 
generator not up to potential being thrown, by the injudicious 
handling of a switch, on to an active circuit. Cases may arise, 
however, where it is desired that the instrument, while operat- 
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ing upon reversal, shall be capable of remaining closed when 
the line is idle. To meet this condition the Circuit Breaker 
shown in illustration No. 34 has been brought out It has, in 
addition to the usual switch and controlling mechanism, an 
operating coil of comparatively high 
resistance, but normally open-circuited. 
Upon a reversal of the current a polar- 
ized relay connected in series with the 
Circuit Breaker brings this coil into 
circuit across the mains, causing the 
instant operation of the instrument. In 
the device shown in the cut an over- 
load coil is also provided. 

The wide experience which The 
Cutter Company has had in the design 
of special apparatus, and the amount of 
research which they have brought to 
bear upon the development and per- 
fecting of REVERSAL types are such 
as to place them in a position to 
understand most fully and to meet most 
satisfactorily the growing demand for 
this class of instruments. 



ILLUSTRATION No. js. 

"I-T-E LAMINATED" 

SPECIAL DOUBLE POLE TYPE 

INDEPENDENTLY OPERATINQ 

ARMS 
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I-T-E CIRCUIT BREAKER LUGS. 



Where cables rather than bars are used in connecting up cir- 
cuit breakers, the question of lugs becomes one of some importance. 
The illustration shows an approved form of lug and indicates its 
various dimensions. 

Lugs are considered strictly a circuit breaker accessory and 
are not included in the price of "back connection" instruments. 
They are, however, supplied with " face connection" instruments 
where the cost of the lug is offset by the saving in the copper 
studs. 

Lugs form a quick and inexpensive method of connection, and 
while not frequently used on switchboards, are very commonly em- 
ployed in large industrial plants. 

Prices for Pure Copper Lugs (see illustration No. lo), accord- 
ing to size, 50 cents, 65 cents, $1.50, $4.50, $5.00 each lug, less 
usual discounts. 



Instruments of this type 
and size are in operation in 
the Public Printing Office, 
Washington, D. C, and in 
the plants of The Western 
Electric Company, both 
New York and Chicago, 



•IDOO-AMPERB DOUBt£ POLE l-T-B 
CIRCUIT BREAKER 
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I-T-E CIRCUIT BREAKERS 
FOR THE PROTECTION OF CAR EQUIPMENT. 



The problem which confronts the street railway manager is 
to make his road PAY. He must secure the maximum return 
from every dollar invested, whether it be spent for equipment or for 
labor. He cannot afford to have his cars operated by electrical 
engineers, but he can secure equally good results by the employ- 
ment of ordinary labor, supplemented by a suitable protective 
device — the I-T-E Car Circuit Breaker. 

The purpose of this instrument is to prevent the motor from 
being subjected to excessive currents from any cause, whether it be 
faulty connections, improper handling or an effort to crowd the 
motor beyond its capacity. 

Did you ever consider what a difference safety valves have 
made in the operation of steam boilers? Think how gingerly a 
man would go about the running of a boiler at 200 lbs. pressure if 
there were no safety valve on it ; quite likely fears for his own safety 
would result in such over-caution that the output of the boiler— -its 
usefulness — would be cut in half and constant inspections would be 
necessary, in the absence of either of which, disaster would follow. 
Is it not much the same way with the motor equipment of a trolley 
car? If it is not protected automatically against overloading, con- 
stant vigilance must be exercised by the operator lest damage result 
to the apparatus ; but suppose the equipment is provided with an 
electric safety valve, an I-T-E Circuit Breaker, then it may be 
worked to its utmost without fear of injury, the operator will be 
relieved of unnecessary concern and can devote his entire energies 
to the running of his car, while the circuit breaker takes care of the 
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apparatus, giving him no trouble so long as he uses it properly, but 
serving instant notice in case of carelessness. Oftentimes improper 
handling of apparatus, connections wrongly made, bum-outs or 
short-circuits in the controller, are discovered only as the result of 
the damage which they have already caused to the motor ; but where 
the equipment is protected by an I-T-E Circuit Breaker, this instru- 
ment calls attention to the difficulty and makes possible its correc- 
tion before harm has been done. This is one of the cases where an 
ounce of prevention is worth vastly more than a pound of cure, for 
not only is the cost of repairs very greatly lessened by the use of 
the circuit breaker, but a great saving may be effected in the matter 
of extra armatures and reserve equipments. 

In the items of fixed charges as well as operating expenses 
I-T-E Car Circuit Breakers will save you money. 

Almost ten years ago we 
made the first circuit breaker 
designed for the protection of 
trolley cars. Our apparatus 
met with the strenuous opposi- 
tion of the big companies, who 
did not then make a car cir- 
cuit breaker and who conse- 
quently stated that circuit The circuit breaker fa enclosed In a «tn,ng hani»ooil 

^ . box, which is as small as is consistent with efhclencv. Dimen- 

breakerS were not a necessity, slons, 12 inches long, &H inches wide, 5 inches deep. It Is 

*^ designed to be plnced in the hood of the car, over the head 

as we claimed they were ; on "^ "'^ motorman. 

the contrary, they said they were a nuisance. Feeling that the 
time was not ripe for our product, we withdrew from this particu- 
lar field and developed our product along another line. We have, 
however, for years past devoted practically our entire time to the 
manufacture of circuit breakers, and our apparatus is admittedly 
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superior to any on the market. Assured that the time would come 
■when the correctness of our position, namely, that circuit breakers 
were a necessity on trolley cars, would be fully demonstrated, we 
have worked with the utmost care over this device, also knowing 
the use to which it would be subjected. In this Instance only have 
we waited for others to do the necessary missionary work, now that 
the demand is created, we are prepared to take advantage of it and 
place upon the market a piece of apparatus infinitely superior to 
anything heretofore obtainable. 

THE MARKET IS NOW READY FOR OUR APPA- 
RATUS AND OUR APPARATUS IS NOW READY FOR 
THE MARKET. 

This device is electrically 
and mechanically superior to 
any similar piece of apparatus 
on the market ; it has been 
designed with a view to mak- 
ing its operation as silent as 
possible, even in the event of 
the severest overload, a point 
of great importance during '"^"^" circim Breaker. 

... 1111 1 1 '■'"' 'l"^ protection of car equipments, removed from its box. 

the rush hours, when plat- 
forms, both front and back, are apt to be well crowded. The cir- 
cuit breaker is readily opened by hand and thus dispenses with the 
usual hood-switch. 

Made for various voltages and of any required capacity. 
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SINGLE POLE OVERLOAD CIRCUIT BREAKER 
"I-T-E MIDGET JUNIOR" TYPE 

A small instrument for small work. For the protection of small motors and 
lighting circuits. 

Capacities up to 24 amperes. 
Voltage up to 500. 
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SINGLE POLE OVERLOAD AND NO VOLTAGE CIRCUIT BREAKER 
"I-T-E MIDGET JUNIOR" TYPE 

An instrument for motor protection, operating upon overload or upon 
interruption of the current supply. Made of any capacity required. 
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SINGLE POLE OVERLOAD AND UNDERLOAD CIRCUIT BREAKER 
"I-T-E MIDGET JUNIOR" TYPE 
It is especially designed for the protection of storage batteries in charging, 
serving not only to protect them from overload, but also preventing a discharge 
from the battery back into the Hne from which it has been charged. Made of any 
required capacity. 
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It is well adapted to the protection of small grenerators, feeders or motors. 
It is in the latter field that it has attained its greatest popularity. Its simple design 
and substantial construction particularly recommend it for use in connection with 
the electrical equipments of factories, machine shops and foundries. Capacities up 
to 300 amperes. Voltage up to 600. 
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DOUBLE POLE OVERLOAD AND NO VOLTAGE CIRCUIT BREAKER 

"I-T-E MIDGET SENIOR" TYPE 

A Circuit Breaker for the protection of motors from overloads and short- 
i;ircuits; it also cuts out the motor upon failure of the current supply. 
Capacities up to 300 amperes. Voltage, 250 or less. 
Other types for larger work. 
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DOUBLE POLE OVERLOAD AND UNDERLOAD CIRCUIT BREAKER 
"I-T-E MIDGET SENIOR" TYPE 

' Connected in the circuit of the storage battery, it protects it from short- 
circuit and from reversal into the charging generator. 

Capacities up to 300 amperes. Voltage up to 250. 

Other types are made for larger currents and for higher voltages. 
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SINGLE POLE I-T-E OVERLOAD CIRCUIT BREAKER 
"STANDARD SWITCHBOARD TYPE" 
For eight years the standard, both in this country and abroad, for the pro- 
tection of power and lighting circuits, generators and motors. It has proven a 
satisfactory instrument under the severe tests incident upon use in street railway 
power stations. 

Capacities up to 1500 amperes. 

Voltage up to 600, alternating or direct. ^ t 
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DOUBLE POLE OVERLOAD CIRCUIT BREAKER 
I-T-E "STANDARD SWITCHBOARD TYPE" 
A Circuit Breaker for the protection of generators, lighting or power 
circuits. 

Capacities up to 1250 amperes. 

Voltage up to 250. 

Additional types for heavier work. 
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DOUBLE POLE, DOUBLE COIL, OVERLOAD CIRCUIT BREAKER 

"I-T-E STANDARD SWITCHBOARD" TYPE 

Having two coils, it operates upon the occurrence of overload in either one 

or both sides of the circuit. Adapted for the protection of three-wire apparatus 

and circuits, either direct or alternating current, and for two-phase alternating 

current work. 

Capacities up to 600 amperes. Voltage, 250. C^ {^r\Ci](> 

Instruments of greater capacities and adapted to higher vd&6|feS ^ttiadfeMifJ^ 1^^ 
laminated types. 
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TRIPLE POLE OVERLOAD CIRCUIT BREAKER 
"IT-E MIDGET SENIOR" 
Having two operating coils, this instrument responds to an overload affect- 
ing either or both sides of the circuit. It is especially adapted for the protection of 
direct current generators operating on the Edison three-wire system, and for use in 
connection with three-phase alternating current apparatus. 
Capacities up to 200 amperes. 
Voltage, 250. 
Other types for heavier work. 
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I-T-E SINGLE POLE OVERLOAD CIRCUIT BREAKER 
"ALTERNATING CURRENT TYPE" 
The standard instrument for single-phase alternating current plants. 
Capacities up to 200 amperes. 
Voltage, 1 100 to 2200. 
Larger capacities made in laminated types. 
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DOUBLE POLE OVERLOAD CIRCUIT BREAKER 
"I-T-E LAMINATED" FOR 250 VOLTS OR UNDER 

An instrument which combines great effectiveness with small size. Within 
its range it is an admirable switchboard instrument and is used to good advantage 
where economy of space is an important item. It is in especial favor, however, for 
motor protection. 

Made in capacities up to 300 amperes. Also made in single pole for 500 
volts. 
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SINGLE POLE OVERLOAD 'CIRCUIT BREAKER 
"I-T-E LAMINATED," FOR 250 VOLTS 
Particularly to be recommended on account of its small size combined 
with high efficiency. 

Its greatest width is but 4^ inches. 
Made in capacities up to 1500 amperes. 

For the protection of motors, generators or feeders. r^ i 
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SINGLE POLE OVERLOAD CIRCUIT BREAKER 
"I-T-E LAMINATED," FOR 750 VOLTS OR UNDER 
It has no equal for the protection of railway generators and feeders. 1 
highest possible standard. 

Capacities up to 1500 amperes. 
^ Also made for alternating current, 2200 volts. 
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OVERLOAD CIRCUIT BREAKER 
"I-T-E LAMINATED" 
It is the smallest instrument of its capacity ever made, but it is large enough 
to meet in the most successful manner the severest conditions of railway work. 

For 2000, 2500 and 3000 amperes. We build them up to 7500 amperes, but 
the design is slightly different. We meet each condition with a design which is 
exactly right. 

Voltage up to 750. Direct or alternating. 
74 



Digitized by CjOOQIC 



DOUBLE POLE OVERLOAD CIRCUIT BREAKER 
" l-T-E LAMINATED " . 
The switches may be closed independently. They open together, thus ful- 
filling the purposes both of circuit breaker and hand switch. 

Equally adapted for the protection of generators, feeders or motors. Made 
also with the poles rigidly connected. 

Capacities up to 1500 amperes are illustrated by the cut. This type is also 
made up to 7500 amperes, according to designs best adapted to these sizes. 

Voltages up to 750. ^ . 
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TRIPLE POLE OVERLOAD CIRCUIT BREAKER 
"I-T-E LAMINATED" 

A perfect instrument for the protection of three-phase motors from 6verIoad. 
The switch arms being rigidly united, all three wires are severed simultaneously. 

This instrument is also well adapted for the protection of Edison three-wire 
circuits. 

Capacities up to 300 amperes. 

Voltages up to 250 direct and 450 alternating current. 

Other types for larger capacities or higher voltages. 
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FOUR POLE I-T-E CIRCUIT BREAKER 

For the protection of multi- voltage "balancing transformers" and circuits. 
The switch arms may be made rigidly connected or, as in the illustration, indepen- 
dent, in which case the restraining latches are united, so that in opening the 
switclies act in unison ; thus an overload in any one of the four wires causes the 
severance of all. 

Capacities, from 5 to 1 500 amperes 

Any voltage up to 750. 

The illustration shows the instrument on its temporary slate base. 
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SINGLE POLE " I-T-E LAMINATED" CIRCUIT BREAKE-R 
Operating upon overload or upon reversal in the direction of the current 
An instrument particularly adapted for the protection of generators, operating in 
parallel, booster sets or storage batteries. 
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SINGLE POLE "I-T-E LAMINATED" CIRCUIT BREAKER 
PROVIDED WITH "FRONT CONNECTIONS" 
The cut shows an instrument operating upon overload or upon cessation of 
line pressure, affording complete protection for motor circuits or individual motors. 
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I-T-E DOUBLE POLE OVERLOAD CIRCUIT BREAKER 

10,000 Amperes Capacity 

250 Volts 

One of our many special designs to meet special requirements 
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LABORATORY WHERE 1-T-E CIRCUIT BREAKERS ARE TESTED 

We build all the instruments we list, and test all we build 
E^ch calibration mark on every I-T-E is the result of a carefully made test 
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CIRCUIT BREAKERS 
AND THEIR USE IN POWER TRANSMISSION 

Bv W. H. TAPLEV 
Chief Electrician U. S, Government Printing Office, Washington, D. C. 

Reprinted from TIte Electrical Engineer by permission of Mr. Tspley and the Editors 

When the application of individual electric motors to driving 
machinery became firmly established in the manufacturing world, 
and was conceded to be a more economical method of power trans- 
mission than belting with long lines of shafting, second only to the 
motor, and how properly to connect it to the machine which it was 
to operate, was the subject of suitable protection both to motor and 
machine. 

The first thing that suggested itself, and naturally, was to pro- 
tect the motor in the same way as lighting circuits, namely, to 
introduce a suitable fuse. This was done, and where motors were 
belted the results attending overloads were rather of an annoying 
and aggravating nature than anything which could really be called 
serious; yet when gearing and the direct application of armature 
to the main driving shaft of a machine began to supersede the belt, 
it was only a short time before the fact that a fuse was not an 
adequate protection became forcibly impressed upon the advocates 
of electrical power transmission. 

As the art advanced, the thing to which the electrical engineer 
would turn for a rational solution of the problem was the electric 
current itself How well this has been accomplished is shown by 
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CIRCUIT BREAKERS AND THEIR USE IN POWER TRANSMISSION 

the successful introduction of the circuit breaker, now so univer- 
sally used in all large power plants. That the magnetic property 
of the electric current was the means best adapted for the actuation 
of the protective device, and gravitation the most reliable force for 
governing its operation, is seen by the great superiority of the cir- 
cuit breaker which depends entirely upon these forces, over those 
in which the effect of the actuating current is subject to variation 
due to extraneous conditions. 

PROTECTION AND WHAT IT SHOULD BE, AS APPLIED TO 
A LARGE MANUFACTURING PLANT 

In treating of this subject the tendency of the engineer has 
been to regard it almost entirely from an electrical point of view, 
incidentally, if at all, considering that which affected the real suc- 
cess of the manufacturing establishment employing motors, namely, 
constant service and lowest cost of production. Before entering 
further into this matter, let us see what is absolutely required to 
give a manufacturing establishment protection worthy of that name, 
when using electrical power transmission. 

First — To secure the protection of electrical apparatus from 
motor to generator. 

Second — To provide a method which will afford ample protec- 
tion for the machinery to which electric motors are attached. 

Third — To secure a freedom from interruption of production, 
and avoid the exasperating delay which is experienced in replacing 
any part of the protective device after the same has been called 
into service. 

Fourth — -After protecting everything in the shape of machinery, 
the safety of building and electrical apparatus and providing 
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against the stoppage of production, the mat- 
ter of reducing to the lowest possible point 
the liability of accident to the operators 
required to handle either motors or machin- 
ery must be considered, as indeed this is a 
matter of supreme importance. 

That all the above-mentioned features are 
ever present, confronting the engineer, who 
is responsible for the successful operation of 
a manufacturing plant, is confirmed by the 
large number of so-called protective devices 
already offered to the public. 

At present a very large part of the labor of 
the electrical engineer and the manufacturers 
of this kind of electrical apparatus has been 
directly in one line, that of protecting the 
electrical apparatus from the effects of over- 
heating and the building from fires which 
might occur from heavily overloaded circuits. 

As this feature is commanding a large 
share of attention in the electrical press and 
manufacturing world, it would seem best to 
devote our time in this article to the field 
suggested in the last three of the foregoing 
propositions, which, if satisfactorily solved, 
of necessity cover all the ground now under 
consideration by engineers, on the subject 
of proper and positive protection to electrical 
apparatus as applied to transmission of power. 
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The pronounced success during the past two or three years of 
the direct application of electric motors to all kinds of machinery 
has put this method of power supply so far in advance of other' 
methods that, notwithstanding the comparatively high first cost, it 
is now considered the most economical method, and should be 
adopted by every large manufacturing plant where the work is, in 
any sense, of an intermittent nature. 

Let us now look from the electrical side to that of the manufac- 
turing plant proper, and see if protection is not even more impor- 
tant and imperative here, where very much larger sums of money 
are invested, and until now have been wholly neglected except by 
insurance from fire. 

To suggest something which may form a topic for discussion, let 
us take the case of a printing-press to which is directly connected 
an electric motor. The cost of the printing-press is, roughly speak- 
ing, $3,000.00, and that of the motor equipment $300.00. (These 
are nominal figures, which vary with the class of press used and 
character of work required from it ; the cost of motors also varies 
considerably, but these figures are conservative and fully within the 
figures for which good apparatus can be purchased.) Allowing the 
electrical to be one-tenth the cost of the mechanical installation, 
does it not seem strange that it has always been the motor which it 
has been the sole idea of the engineer to protect, notwithstanding 
its cost is insignificant as compared with the value of the machine 
to which it is attached ? Is it any wonder that the manufacturers 
of costly machinery, such as printing-presses, have looked with 
doubtful eye upon the method of direct motor application, whether 
it be by gearing or having the armature of the motor keyed to the 
main shafi of the press? The manufacturer well knew that for a 
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short time the motor was capable of producing perhaps five times 
its rated output, and realized that if this period covered only a few 
seconds, there was a great probability that it would be sufficient to 
ruin the press should anything occur which would tend to stop it 
suddenly. He did not feel that there was even the protection 
which is afforded the presses when driven by belts, for these would 
slip when called upon to do much more than the normal work of 
driving the press. 

The writer takes the same ground as the machinery builder, and 
when the representatives of companies manufacturing electrical appa- 
ratus were asked about this matter, they invariably assured the pur- 
chaser that a fuse inserted in the circuit suppl5ring the motor with 
current would provide against all possible trouble of this kind. It 
was tried ; the fuse worked in some cases and we began to take cour- 
age, thinking that perhaps we were too particular and that the fuse 
afforded the required protection. It was seen, howeyer, that the blow- 
ing of the fuse might serve to protect the motor but not the press. 

It is impossible to change over from one method of operating 
machinery to another without meeting failures, due perhaps to 
nervousness on the part of the operator when called upon to do a 
thing for the first time ; and certainly it was so when motors were 
first used in this manner. The sudden turning on of the control- 
ler naturally blew the fuse, which too often was sufficiently 
increased in size to prevent this annoyance. But at its best the 
fuse served only to protect the motor, the requirements of the 
motor-driven machine being altogether overlooked. To better 
appreciate the shortcomings of the fuse in this respect, it is only 
necessary to understand the conditions under which it operates to 
open the circuit in which it may be placed. 
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The effective energy which must be supplied to the fuse is made 
up of the following quantities: First, heat sufScient to raise the 
temperature to that of the melting point of the fuse ; and second, 
an additional amount of heat proportional to the mass and latent 
heat of fusion of the fiise, while in addition to this, the heat, being 
radiated by the fuse and its terminals, must be supplied. It will be 
seen from a consideration of these facts that the fuse requiring a 
relatively large excess of energy to effect its operation will permit 
a proportional excess of power to be supplied to the motor. The 
damage which may result from this may perhaps be more readily 
seen by an example. Suppose a foreign body gets into the work- 
ing parts of a machine which is directly connected to a motor. 
The power supplied by the motor is now expended in the wreck- 
ing of the machine, the weakest parts yielding first to the strain. 
Only a very short time is necessary for the execution of great dam- 
age. The possibility of damage is then limited only by the energy 
required to blow the fuse. 

It was only upon the advent of the modem circuit breaker that 
protection worthy the name was secured for motor-driven machin- 
ery. Owing to the much lessened energy required in the opera- 
tion of this device, the time required, upon the occurrence of an 
abnormal flow, for the opening of the circuit is minimized, while, 
in addition to this, the heavier overloads are made to contribute 
some of their energy to the acceleration of the circuit-opening 
switch, thereby still further decreasing the time of opening. 

It may thus be seen that by the use of a properly constructed 
circuit breaker the excess of power which may be communicated 
to the machine is vastly reduced as compared with the fuse. In 
fact, the time element is so lessened that the possibility of damage 
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to machine as well as to motor is practically limited to that due to 
their combined momentum. What this is in each individual case 
makes it necessary to decide whether an auxiliary break to take 
care of the same is necessary or not. This is a question for the 
mechanical engineer to solve ; but whatever this may be, it does not 
affect the principles set forth above, and only serves to bring out 
more clearly how necessary it is to shut off the current instantly 
and thus prevent the machine from acquiring any additional 
momentum. 

As the question of machinery protection has been given so little ' 
consideration, it was deemed advisable to bring to the reader's 
notice, in rather a minute way, all the possibilities that it may have, 
in order to give to the subject the importance which we feel it 
deserves. In the foregoing, a reference was made to the compara- 
tive cost of a printing-press and that of the necessary electrical 
equipment to drive the same; i. e., $3,000.00 for the former and 
$300.00 for the latter — a relative value of ten to one, which justifies 
the statement that the protection of machinery is a much more 
important consideration in electrical transmission than that of the 
motor. Can the electrical engineer afford to neglect this important 
feature of machinery protection and still hope that his customer 
will secure satisfactory results? for, after all, it is necessary that the 
new system, as a whole, shall be made more productive, and there- 
by more profitable, than the old. 

It may be assumed that our third proposition is intended more 
especially for the manufacturer than the engineer ; but, taking the 
ground that that which is of importance to the buyer concerns the 
seller also, we believe it is worthy of the close attention of both. 
As the writer has had an extended experience upon the application 
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of electricity to printing machinery, he hopes to be able to treat 
this branch of a manufacturing business in a more positive manner 
than he could do should he endeavor to extend its scope into a 
more general or theoretical field. 

Referring once again to the printing-press, with its electrical 
equipment cost (which we assume to be respectively $3,000.00 and 
$300.00), let us see what the production of such a press should be 
when it is running for three hundred days in the year on a fairly 
good class of printing, and what costly affairs stoppages of presses 
are, no matter what the cause. A press should earn an average of 
$10.00 a day, or $3,000.00 a year. This is not intended to express 
net earnings, but simply the average gross earnings for the press on 
commercial work, and we assume that it is running on such work 
continuously. It will be seen that delays caused by an accident to 
a press may prove much more expensive to the printer than 
the actual cost of the repairs to the press itself, as a delay of a week 
means a loss of $10.00 a day, or $60.00; and serious accidents 
often mean a month of working days, or $260.00, aside from the 
cost of repairs, which experience has shown are not to be lightly 
considered. 

Nor is it to be forgotten that the press to which an accident 
usually occurs is generally running on a piece of work which must 
be completed within a given time. This means that we must lift 
the form and place it upon another press which has to be " made 
ready," perhaps interfering with other work, and all this addi- 
tioniil cost must be borne by the manufacturer without any return 
for the same. Is not the manufacturer fully justified, then, in 
demanding that his machinery and output be equally considered 
with that of the electrical apparatus in the matter of protection? 
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If the protection of apparatus worth $300.00 is deemed so impor- 
tant as to occupy, as it undoubtedly does, the attention of the fore- 
most electrical engineers, are we not justified in taking the position 
that protective devices should be so constructed as to fully protect 
the manufacturer at all points, and not stop with the electrical 
equipment alone? 

By the use of the highest-grade circuit breaker now offered to 
the public, which fulfils in a very satisfactory manner all the 
requirements thus far considered, such a saving may be made, not 
only to the motor, but to the machine which it drives, that the loss 
occasioned by stoppages and on account of repairs will be practi- 
cally eliminated, and the device will pay for itself many times in 
the first year. 

The delays incident to the blowing and replacement of fuses are 
perhaps more annoying in newspaper and publishing offices (where 
mails have to be met and where the time for the completion of a 
particular piece of work is limited) than in most classes of manu- 
facturing; but in any case the saving is so important as to amount 
to very much more than the cost of adequate apparatus. Indeed, 
it would seem to be the best paying insurance which the manufac- 
turer could possibly obtain. Such delays as we have been consid- 
ering are practically unknown when the fuse is replaced by a 
thoroughly mechanically and electrically constructed circuit 
breaker. 

With the more universal adoption of the individual motor in 
electrical power transmission comes also the question of protection 
to operatives employed in handling the machinery. This is of so 
much importance that most of the States in this country have 
appointed inspectors to visit all manufacturing establishments and 
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see that the proper precautions are used, and every means employed 
to lessen the danger to the employees, of whatever nature it may be. 
With all the precaution taken to prevent accidents, it is impossible 
to do away with them entirely. Strange as it may seem, the care- 
lessness or foolhardiness of the employees themselves is mainly 
responsible for most of the accidents which occur to-day, thanks to 
the hearty co-operation of inspectors and employers in their endea- 
vors to make accidents practically impossible. Yet I know of noth- 
ing to prevent a man from placing his hands in close proximity to 
running gears, and if he happens to have a piece of waste in his 
hands and the same gets caught, the resulting damage is only limi- 
ted by the quickness with which the machine can be stopped. 
Several such cases have come under my personal observation, and 
only the prompt opening of the circuit breaker prevented very 
serious results. In one case a man's fingers were pulled into a train 
of gears, he endeavoring to clean the press while in motion. His 
fingers were badly jammed, but the opening of the circuit breaker 
stopped the press before any serious damage was done, and thus 
saved the man three fingers. Another case was that of a man 
who got his arm caught between the two cylinders of a press. He 
was fixing the packing on one of the cylinders and motioned to the 
feeder to reverse the press. Instead, she started it ahead suddenly 
with the result that his arm was drawn in between the revolving 
cylinders, and again, owing to the instantaneous opening of the cir- 
cuit breaker the pressman escaped with a severely bruised arm, 
instead of crushed bones as we had all expected. 

These serve as examples upon which to base a requirement that 
protection to operatives is not a matter of minor importance, and 
should not be put aside with theremark: "Let the employees keep 
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their hands out of the machinery — we cannot protect everything 
and everybody." To be sure, we have no electrical or mechanical 
device which will make brains for the ignorant or prevent careless 
operatives from getting hurt ; yet devices can be made, as we have 
seen, which reduce the results of such carelessness to a minimum, 
and their employment should become more general as the success- 
ful operation of them becomes better known. 

Having thus considered in detail the protection demanded by a 
large manufacturing plant using individual motors as the method 
of power supply, we are confronted with the proposition : can these 
demands be met to the satisfaction of all concerned — to the builder 
of machinery, as well as of electrical apparatus, and to the manu- 
facturer using them ? If such is the case, what is the device neces- 
sary to fulfil the requirements, and is it commercially obtainable? 

With reference to the fuse, we have only to read any of the 
scores of valuable papers written upon their action to fully justify 
us in writing against it "not satisfactory" and passing on. As 
the current itself may be the means of protection, as well as that of 
propulsion, the method of opening the circuit electrically should be 
employed. This has been successfully accomplished in the modern 
circuit breakers which operate on the inverse time element rather 
than the constant time limit. 

The ultimate requirements of a circuit breaker are that we can 
rely upon it to do all that we have shown it should do, and operate 
successfully, not once, twice, or for a month, but always. When 
this ceases to be the case, the magnetic circuit breaker will be 
superseded by some other means of protection. 

To produce such an instrument the highest skill, electrical and 
mechanical, is required. Long study of the existing state of the 
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art and the conditions under which circuit breakers operate is 
necessary, and the closest attention must be given to every detail 
of manufacture. 

With this an accomplished fact, such results are not the only 
reward, however, nor should they be. The public will cheerfully 
pay, not only for the labor and material used in its production, but 
also a profit suiEcient to encourage the maker and enable him to 
continue the work, for the perfect is never obtainable and is only 
reached approximately. In electrical science, perhaps more than 
in any other, we are never able to write the word " Finis." 
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I-T-E CIRCUIT BREAKER. "DUBLARM" TYPE 

(double polk, double arm) 

In the switchboard practice of to-day the principles control- 
litig desigti are simplicity of arrangement, economy of construction, 
adaptability to requirements and effectiveness in use, and naturally 
the choice of appliances for the switchboard should also be gov- 
erned by the same considerations. As far as may be, without 
sacrificing simplicity, these should be designed so that all possible 
functions may be embodied in each piece of apparatus. They 
should be constructed in such a manner that their use is free 
from liability of accident, even as the result of careless handling. 
It must be remembered that however skilful the switchboard 
attendant may be, in an emergency he is liable to error; the 
arrangement of the switchboard and the choice of appliances upon 
it should, therefore, be such as to lessen as much as possible this 
liability and to eliminate all possibilities of disastrous results there- 
from. The purpose of this article is to call attention to a piece of 
apparatus which embodies all of these requirements in a remark- 
able degree. We refer to the " Dublarm " Type (Double Pole, 
Double Arm) I-T-E Circuit Breaker. This type of instrument 
effectively replaces at the same time the usual circuit breaker and 
hand switch, combining the functions of both in one self-contained 
piece of apparatus. The employment of the I-T-E " Dublarm " 
Circuit Breaker not only contributes to economy of construction 
and the simplicity of the switchboard, but insures to the generators 
and circuits with which it is connected absolute protection from 
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overload, regardless of the manner in which the switchboard appli- 
ances may be handled, for the circuit of which this piece of appa- 
ratus forms a part cannot, under any conditions, be closed when 
excessive current would result therefrom. In this respect it 
possesses obvious advantages over the usual arrangement of inde- 
pendent switch and circuit breaker. 

It often happens, in closing a circuit after it has been inter- 
rupted by the action of a circuit breaker, that the short-circuit or 
overload condition has not been removed; under such circum- 
stances the closing of the circuit by means of the circuit breaker, 
coincident with failure to open the hand switch, may occasion 
serious injury either to the apparatus or to the operator, inasmuch 
as the handle being in the grasp of the operator, the opening of the 
circuit breaker would be retarded to such an extent as to cause 
arcing, which would be serious in case a heavy current were 
flowing, and in the event of a dead short-circuit might wreck the 
generator, or even disable an entire station. Such accidents have 
been not uncommoii in the past, but are rendered impossible by the 
employment of the " Dublarm " I-T-E Circuit Breaker; for in this 
instrument both of the poles, in addition to being capable of indi- 
vidual operation, are independently controlled by the same tripping 
mechanism. When one pole of the circuit breaker is closed it is ready 
for operation the instant it is subjected to an overload ; therefore, 
should the operator close the other pole while the short-circuit or over- 
load condition still maintains, the pole first closed is instantly released 
and all damage prevented-; under ordinary conditions both sides of 
the circuit breaker open simultaneously in the event of overload 
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The " Dublarm " type is also peculiarly adapted to the protec- 
tion of motors, whose management is likely to be in the hands of 
those whose knowledge of electricity is not ordinarily such as to 
insure proper handling of the apparatus in their charge ; but with 
each motor protected by a " Dublarm " I-T-E Circuit Breaker, the 
possibility of damage from overload is completely eliminated.. 

The essential feature of the Double Pole, Double Arm Circuit 
Breaker, whether single or double coil, is that the same tripping 
mechanism engages at the same time with BOTH of the retaining 
catches; thus simultaneous opening of the two poles is insured. 
One way this is accomplished in the *' Dublarm " is shown below. 



Recognizing the need for circuit breakers of the " Dublarm " 
type for all classes of work, we are prepared to furnish them in 
all capacities and to meet all conditions. We make them from 5 
to 7,500 amperes, for Overload, No Voltage, Overload and No Volt- 
age, Reversal, and Overload and Reversal, each the best that brains 
and skill can produce, and each the embodiment of simplicity, 
adaptability and efficiency. 
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DIMENSIONAL DIAGRAMS OF 

CIRCUIT 
BREAKERS 

In order that engineers may readily inform them- 
selves as to the dimensions of our standard types of 
Circuit Breakers, we give herewith outline drawings of 
types and sizes most in demand. On account of the im- 
mense variety of instruments made by us, it is manifestly 
impossible to give data covering the entire scope of our 
product. To engineers requiring special information 
we will be glad to send, upon receipt of specifications, 
whatever further data may be necessary. 

THE CUTTER COMPANY 

NINETEENTH AND HAMILTON STREETS. PHILADELPHIA 



THE CUTTER COMPANY 

120 Liberty Street, New York 
C. M. CROFOOT, 

234 West Fourth Street, Cincinnati 
J. R. COLE, 

33 Second Street, San Francleco 



PORTER & BERG, 

309 Dearborn Street, Chicago 
W. C. JESSUP, 

203 Lewis BuildinK^ Pittsbort; 
T. A. BIBBER & CO., 

37 Arcli Street, Boston 
B-R ELECTRIC COMPANY 

Kansas City, Mo. 

97 



Digitized by CjOOQIC 




300 . 
200 . 
150 ■ 



I-T-B CIRCUIT BREAKER 

SINGLE POLE 
MIDGET SENIOR TYPE 
See Pages 12 and 13, CaUlogue, July 1, 1901 
■ JJIAMETER OF STt'DS "A" 

'. . . . 3/4" lOO 

S;8" 80 and nnder 
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TOO . 
600 . 
500 - 



I-T-E CIRCUrT BREAKER 

rilNULE POLR 

STANDARD SWITCHBOARD TVPIO 

700 Amperes and under 

SecPdgea 16 and 17, Catalogue, July 1,1001 

DIAMETER OF STUDS "A" 



aOO nnd under . 



. 7/8" 
»/4" 

n/8" 
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150(l. 

1350. 



I-T-B CIRCUIT BREAKER 

SINGLE POLE 

STANDAHl) SWITCHBOARD TYPR 

800 to 1500 Amperes 

See Piiges 16 and 17, Catalogue, July 1, l&H 

DIAMETER OF STl'DR "A" 

I 1/3" 1000 

1 :»,8" 80O 



- 1 1/4" 
. 1 1/8" 
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I-T-E CIRCUIT BREAKER 



300 . 
150 ■ 



DOUBLE POLE 

MIDGET SESIOR TYPE 

See Pages 26 nnd 27, Catnlogue, July 1, IWl 

DIAMKTER OF STUDS "A"' 



- 3/4" 
. 5/8" 
.1/2" 



lOO 

SO ftiid under 



.113" 

.SIS" 
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I-T-E OIROUIT BREAKER 

DOUBLE POLE 
STANDARD SWITCHBOARD TYPE 

600 Amperes and under 

See Pages 30 mid 31, CittalogHe, July 1, 1901 

DIAMETER OF STUDS "A" 



600 1" 

5O0 7/8" 

400 7/8" 



300 

1£00 and under . 
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I-T-E CIRCUIT BREAKER 

DOUBLE POLE 
STANDARD SWITCHBOARD TYPE 

800 to 1250 Amperes 

Se« Pages 30 and 31, Catalogue, Juljr i, igoi 

DIAMETER OP STUDS "A" 



1 1/4" 



To be superseded by later design 
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I-T-E LAMINATED CIRCUIT BREAKER 



300 . 
200 
ISO. 



OVERLOAD-SINGLE POLE 

"E-L" TYPE 

See Pages IIG nii<1 117, Catalogue, July 1, 1901 

DIAMETER OF STUDS "A" 



A n 

. 3/4" 4 7/16" 

. 5/8" 4 1/8" 

. 1/3" 4 1/8" 



Ampe. A 

lOO 1/2" 

80 and under - . 3/8" 



4 1/8" 
4 1/8" 
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I-T-E LAMINATED CIRCUIT BREAKER 

OVERLOAD— DOUBLE POLE 

"F-L" TYPE 

See PiigeB 118 nnd 119, Cntalogue, July 1, IDOl 

DIAMETER OF STUDS "A'' 

Amps. A B C D Amps, A B C D 

300 »/4" 8" 8" 7" lOO - . . 1/2" 7 1/4" 7 1/4" « 3/8" 

200 BIS" 7 1/4" 7 1/4" 6 3/8" 80 and under 3/8" 7 1/4" 7 1/4" « 3/8" 

160 l,/2" 7 1/4" 7 1/4" «3/8" 

io6 
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I-T-B LAMINATED CIRCUIT BREAKER 



OVERLOAD- DOUBLE POLE 

"I-L" TYPE 

: Riges 120 and 121. Catalogue, July 1, 1901 

DIAMETER OF STUDS "A" 



Ainiia. A B C D 

300 . . . 3/4" 8" 8" 7" 

200 . 5;8" 7 1/4" 7 1/4" 63/8" 

ISO . . 1/2" 7 1/4" 7 1/4" «3/8" 



Amps. A B C D 

lOO 1/2" 7 1/4" 7 1/4" 6 3/8" 

80 and under. 3/8" 7 1/4" 7 1/4" « 3/8" 
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r-T-E LAMINATED CIRCUIT BREAKER 



OVERLOAD-SIXGLE POLE 

'•X-L" TYPE ^ 

See Pages 126 and 127, Cstiilogue, July 1, 1901 

DTAMF.TER OF STUDS "A" 

Ampa. Ampe, 

IfiOO 1 1/2" 500 

1250 1 3/8" *00 

lOOO 1 1/4" 300 

800 1 1/8" 200 and under . 

600 1" 



7/8" 
. 3/4" 

. 5,8" 



no 
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I-T-E LAMINATED OIEOUIT BREAKER 

OVERLf)AD-IX)UBLE POLE 
SPECIAL FOR 250 VOLTS (OR LESS) ONLY 
DLVMETEB OF STITDS 
lOOampa IVt" 2SOOamp8 l%" 
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T-T-E LAMINATED CIRCUIT BREAKER 

OVERLOAD-DOUBLE POLE 

SPECIAL FOR 2r.O VOLTS (OR LESS) ONLY 

DIAMETER OF STUDS 

2000 amps 1%" 2500 amps IV' 
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I-T-E LAMINATED CIRCUIT BREAKER 



OVERLOAD-" MULTIPOLAR" 
DIAMETER OF STUDS "A" 



Ampa. 

l«O0 1 1/2" 

laao 1 3/8" 

lOOO 1 1/4" 

800 1 1/8" 

600 1" 



A Dips. 

500 7/8" 

400 7/8" 

300 3/4" 

200 and under 5/8" 
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ANNOUNCEMENT 



On January first wc assumed the entire sales management of 
the line of Electrical Measuring Instruments made by the Keystone 
Electric Company of Philadelphia, of which Company Mr. J. Franklin 
Stevens, M.E,, is President. We take pleasure in calling the attention of 
engineers to the following treatise, which has been prepared by Mr. Stevens 
at our request, and which we believe is worthy of your careful consideration. 

On the subject of Measuring Instruments what we need is Light. 
We believe that the time for mystery as to Measuring Instruments is past. 
One does not have to be inspired to produce such a line. Brains, Capital, 
Care and Skill, together with the very best obtainable materials, are all 
that is required. All of these have gone to the making of the Keystone 
Instruments. The line is complete — Switchboard and Portable Ammeters 
and Voltmeters, Round Pattern and Illuminated Dial. The latest cata- 
logue lists practically every type of Measuring Instrument you are likely 
to require, and we will take pleasure in sending you a copy. The instru- 
ments are simple and strong in construction, absolutely " dead beat." and 
having used them in testing I-T-E CIRCUIT BREAKERS for some 
time past, wc feel justified, from our own experience, in fully guarantee- 
ing them. 

Since we assumed the sales management of the Keystone Instru- 
ments we have convinced a number of the most conservative engineers in 
the country that Keystone Instruments are not in the SECOND class, 
but are absolutely FIRST-CLASS in every particular. We have closed 
contracts for Keystone Instruments for some of the largest and most 
important installations undertaken during the present season. 

THE CUTTER COMPANY 

PHILADELPHIA AND NEW YORK 
May I, 1902. 
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KEYSTONE ELECTRICAL MEASURING INSTRUMENTS. 



About six years ago, a prominent engineer and central station 
superintendent, when discussing switchboard instruments, remarked 

that the strangest thing 

about them was that the 

last word still remained to 

be said concerning them. 

The same condition seems 

still to maintain, and we 

are possessed of a literature 

on measuring instruments 

which consists chiefly in 

didactic statements of facts, 

some true, some otherwise. 

With some few notable 

exceptions, both cuts and 

descriptive matter have 

tended to mystify rather than explain, and prospective purchasers 

have had but little information available to assist them in selecting 

types or systems suited to the class of measurements which they 

desired to make. 

We believe the time for mysticism and concealment is past ; 
for, while there may have been legitimate reasons in past years for 
such a policy on the part of instrument makers, there is to-day no 
reason why full and complete data as to principle and construction 
should not be made public. We do not mean to reflect on the 
pioneers of the art, for some of them achieved notable results when 
the past state of allied arts is taken into consideration, and it has 
only been within very recent years that the instrument-maker has 
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had available the materials essential to the proper construction of a 
scientifically designed instrument. 

Copper, iron, steel, resistance metals, springs, jewels and many 
other constituent parts of a properly constructed instrument were 
known and in use, but the quality and composition left much to be 
desired; the demand was small and the practical application of 
physics and chemistry to the mechanical arts was still in its infancy. 
Manufacturers of raw materials could not, or would not, attempt to 
fill the specifications submitted to them. All this is changed to-day, 
and the instrument-maker can obtain every material requisite to his 
art, made to his specifications. This has placed the responsibility of 
designing and making instruments on the maker, where it properly 
belongs; no excuses are open to him, and we, on our part, cheerfully 
accept the responsibility. 

We are firm believers in publicity. Our salesmen are shown 
just how we make an instrument ; they are told why we do certain 
things, and why we avoid doing other things. They are shown 
this so they can explain it to the customer, and are supplied with 
sample instruments to take apart in his presence, so that he may 
understand just what we make and how we make it. We want our 
customers to know just what is inside of an instrument case, then 
they can decide for themselves whether or not we have done our 
work well. 

Realizing that it is not possible to show a working model to 
every possible user (we wish it were so), we propose to try to dissect 
and to briefly describe the two principal types of instruments made 
by the Keystone Electrical Instrument Co., the entire sales man- 
agement of which is under the control of The Cutter Company, 
Philadelphia and New York. 
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DIRECT CURRENT INSTRUMENTS. 



All of our direct current instruments, whether switchboard or 
portable, are constructed on the principle of the Deprez-d'Arsonval 
Galvanometer. The Deprez-d'Arsonval Galvanometer is a modifi- 
cation of and a direct outgrowth from the primitive form of tangent 
galvanometer, the fixed and moving elements having been reversed 

by Dr. d'Arsonval. In place 
of a moving magnet under 
the directive force of a 
solenoid, we have a small 
moving or oscillating solen- 
oid, under the directive force 
of a permanent magnet. In 
order that the instruments 
may be adapted to portable 
or switchboard use, springs 
are used as a controlling or 
restraining force, in place of 
the earth's field employed 
in the tangent galvanometer, 
and steel pivots carried in 
jeweled bearings are substi- 
B tuted for a filar suspension. 
The engravings shown 
herewith (Figures i to 6) 
illustrate the construction 
employed by us in all Deprez- 
d'Arsonval instruments, 
Fiq, 1 from which it will be noted 
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that while the original 
principle has been retained 
throughout, many structural 
details have been greatly 
improved upon, as compared 
with earlier types. Figures 
I, 2 and 3 show very com- 
pletely the construction em- 
ployed ; Fig. I being a plan 
view. Fig. 2 an end elevation, 
and Fig. 3 a section through 
the centre line of Fig. i. As 
will be noted, the entire 
system is mounted upon a solid base-plate, rendering it self- 
contained, and independent of any deformation which might take 
place in the containing case. This point is of particular importance 
in portable types, as the wood containing case is liable to warp 
slightly, and such warping, even though not apparent to the eye, 
would change the relative positions of the different parts, causing 
them to bind or stick if they were separately mounted. The 
permanent magnet field is made of a single piece of selected magnet 
steel, supplied by a maker famous for his excellent work in this 
line. This steel is forged, machined, hardened, magnetized and 
aged in our own establishment, under expert supervision. We employ 
a very generous area and keep the magnetization below 25% of the 
total capacity of the steel. This enables us to produce a magnet, 
the permanency of which can be absolutely guaranteed. Our own 
experiments, and the experience of our customers, have demonstrated 
that there is no measurable decrease in magnetism, even after three 
or four years' continuous use. The pole pieces are made of soft 
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steel, and are permanently secured to the magnet. The joint 
between the pole pieces and the permanent magnet is ground, and 
once made is never disturbed. This is an important feature, for a 
magnetic joint once broken will never possess the same resistance 
as when first made. On account of the large section of the 
permanent magnet, we are enabled to employ a generous air gap 
between the pole pieces and the soft iron core. This generous air 
gap renders it practically im- 
possible for the moving coil to 
stick or bind. The entire moving 
mechanism is mounted separate 
from the field, as shown in Figures 
4, 5 and 6, of which Fig. 4 is a 
plan view. Fig. 5 an end elevation, 
and Fig. 6 a side elevation. The 
core, it will be noted, is mounted 
on a cast brass bracket, which 
bracket also carries the moving 
coil, pivots, springs and jewels, so 
that the entire moving system can 
be readily lifted from the field, 
without danger of injury, and 
without the necessity of removing 
the pole pieces. The function of 
the core, as is probably well 
understood, is to make the field, 
within which the coil oscillates, 
absolutely uniform. The fact that 
the coil is completely covered by 
the pole pieces throughout its fin. a 
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entire movement, coupled with the fact that, the field is uniform, 
makes it possible for us to obtain an equally divided scale from zero 
to maximum reading. The moving coil consists of a layer of copper 
wire short-circuited on itself, for the purpose of damping the 
movement of the coil by the generation of eddy currents within it, 
thus rendering the " or dead-beat, in its 

indications. The act: which is superposed 

on the short -circu a number of turns of 

finecopperwire,towl: d by means of the 

controlling springs, 2 of a voltmeter, is 

connected in series and in the case of an 

ammeter, is connectei f a shunt block. The 

motion of the pointe all insulated buffer- 

springs, which for the pointer to 

touch the containing iding of the pointer, 

or a short-circuit if The jewels employed 

are made from the lable sapphire, spe- 

cially shaped and g: ir use. The pointer 

consists ofa rod of hari num wire formed up 

with an eye for attacl e axis. This con- 

struction we con- sider far superior 

to the employment of aluminum tub- 

ing, which must, ne ibyshellac or cement 

to a separate eye, auu, v*uiv,ii ^ j^v^^^atoa^o no elastic properties. 
The process of making pj^g 4 aluminum tubing renders it 
necessary to anneal the aluminum, so that it is too 

soft to stand even a very slight shock. It will be noted that all the 
fixed parts of the instruments are made strong and substantial, so 
that there is absolutely no danger of their being injured. 

The moving parts, which consist of nothing but the coil. 
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counterpoise and pointer, are light but 
strong. All parts are made to templet 
and all mechanical connections are 
made by means of screws and steady-pins. 
The resistance wire employed in volt- 
meters and the resistance metal employed 
in ammeter shunts, consists of an alloy, 
which possesses a negligible temperature 
CO- ef&cient, the actual temperature co-effi- 
cient being i-io of one per cent, for ioo°C. 
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LNATING CURRENT 
SrSTRUMENTS. 

emating current instruments, except 
ructed on the principle of the electro- 
;h principle is based on the mutual 
two coils through which the current 
1 is fixed, the other movable, 
ified the original construction of the 
electro-dynamometer in several re- 
spects in order to make portable, 
direct-reading instruments which will 
be aperiodic, but have in no way 
sacrificed the inherent good qualities 
of the dynamometer system. 

As the governing law of this 
type of instrument is the law of 
current squares, it follows that in the 
case of voltmeters equally divided 

131 



Digitized by tj OOQ IC 



scales cannot be obtained. In the case of wattmeters the scale is 
approximately equally divided, due to the fact that the movement of 
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the moving coil is proportional to the product of the current in 
the fixed and moving coils. 

We have, however, succeeded in obtaining more nearly equally 
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divided scales than has heretofore been considered possible, due to 
the employment of our patent combined system of springs. This 
spring system consists of one spiral spring and a spring which we 
term a pendulum spring. These two springs are so related to one 
another that the pointer when at zero is held in what may be termed 
a dynamic state of rest rather than in a static state of rest. The 
spiral spring uniformly opposes the movement of the moving coil, 
while the pendulum spring assists the movement of the moving 
coil through the first half of the scale, then acts with the spiral 
spring and helps oppose its movement through the second half of 
the scale. From this it follows that the control is weak when the 
deflecting forces are weak, and automatically increases in strength 
as the deflecting forces increase in strength. 

The moving parts have been made as light in weight as is 
consistent with mechanical strength, and the entire moving system 
is supported in jeweled bearings. The motion of the pointer is 
rendered aperiodic by the use of an aluminum air vane moving in 
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a partially enclosed air chamber. This method of damping the 
oscillations of the moving parts renders unnecessary the use of 
mechanical brakes or other frictional devices, which tend to impair 
the accuracy of the instrument. 

It is essential that instruments of this type should be carefully 
designed in order to obtain the proper proportions between fixed 
? 
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and moving coils, and the proper proportions between inductive 
and non-inductive resistance. We have succeeded in producing 
a line of instruments in which we believe these proportions 
are as nearly perfect as it is possible to obtain, with the result 
that we are able to offer an instrument high in resistance, 
accurate and efficient, yet so proportioned that the inductive 
resistance is so small compared with the non-inductive, that 
errors due to self-induction and phase displacement are not 
introduced. 

The construction of this type 
of instrument is illustrated in 
Figures 7 to 12. Fig. 7 shows 
a plan view of a portable voltmeter. 
Fig. 8 an end elevation and Fig. 
9 a section through the centre line 
of Fig. I. The moving elements 
are shown in Figures 10, 1 1 and 
12, which show the coil, pointer, 
damper, springs, etc., in plan, side 
elevation and end elevation 
respectively. The engravings 
show a voltmeter, which, how- 
ever, differs but little from a 
wattmeter. In the case of a 
wattmeter, the fixed coils are 
connected in series with the 
line, either directly or through 
a series transformer, while the 
moving coil is connected in shunt 
■ to the line. 
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While it is true that the reading of the wattmeter represents 

the product of the readings of the voltmeter into the ammeter in 

the case of direct current measurements, it is not true in the case of 

alternating current measurements, save in the very exceptional 

case of a circuit possessing neither capacity nor inductance, or 

a balance of the two.. When either inductance or capacity exist, 

there is a consequent lag or lead of the current wave relative to the 

pressure wave ; and since the instantaneous readings of the volts 

and amperes represent the mean effective or virtual values — that is, 

the square root of the mean square, their product differs from the 

reading of the wattmeter, which indicates the integrated values 

of the two curves, the maximum and minimum values of which 

occur at different times. To obtain an agreement between the 

values obtained by volt-ampere readings and watt readings, it is 

necessary to multiply the volt-ampere readings into the cosine of the 

angle of lag or lead, so that the ratio of the watt readings, as given by 

a properly constructed wattmeter, to the volt-ampere readings gives 

us the power factor of the circuit, and from the two sets of readings 

we can readily determine the angle of the lag 

or lead and the so-called wattless current. 

In addition to voltmeters and wattmeters, 

we have adapted the dynamometer type of 

instrument, by means of suitable connections 

and by the use of inductances and condensers, 

to the measurement of frequency and power 

factors and to indicate synchronism between 

alternators operated in parallel. Any of the 

above instruments are adapted for use on 

single phase, two phase, three phase or 

^^9'^^ polyphase circuits, as may be specified. 
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SCALES AND CALIBRATION. 

Two forms of scales are commonly employed in indicating 
instruments, one drawn on opal glass, for use in instruments 
in which the scale or dial is illuminated by means of an incan- 
descent lamp placed behind it, and the other drawn on bristol 
board, for use in instruments in which the illuminated feature is 
undesirable or unnecessary. 

In illuminated dial instruments, the opal glass scale is self- 
supporting; but where bristol board is employed, it is necessary to 
secure it to a metal backing or scale plate in order to obtain the 
requisite rigidity. Heretofore, it has been customary to secure the 
bristol board to a plain plate of brass or zinc by means of shellac or 
some similar cement, but it has never been possible to find a cement 
which would perfectly and permanently secure a semi-impervious 
substance like bristol board to an impervious metal. The bristol 
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board would raise or blister, particularly when subjected to moisture 
or dampness, and, as the clearance between pointer and scale is 
necessarily small, this raising of the bristol board would cause the 
pointer to stick or bind on the scale, thus introducing errors in the 
indications of the instrument or rendering it entirely inoperative. 

In order to obviate this defect we have designed and have 
patent applications pending upon a new and novel method of 
securing the bristol board to the scale plate. The construction is 
shown in Fig. 13, from which it will be noted that the scale 
plate consists of perforated metal, to which the bristol board scale 
is secured by shellac or similar cement. The perforations in the 
metal permit the cement to come through and form, as it were, almost 
innumerable flexible rivets which secure the bristol board rigidly 
and permanently on the same general principle employed in keying 
plaster to a wall by the use of wooden or metal lathing. 

Repeated experiments have shown that a scale so secured will 
never warp or blister, nor can it be pulled away from its metal 
backing, so that all the errors and annoyances due to loose scales 
are entirely obviated. 

In the use of measuring instruments in damp places, in storage 
battery rooms, in fortifications and in marine work, particularly, 
this important detail of construction makes Keystone Instruments 
especially desirable. It is, however, only one evidence of the care 
which is everywhere apparent in their construction. 

All instruments are enclosed in dust-proof and relatively 
moisture-proof cases, and for marine use cases are rubber-gasketed 
to make them absolutely water-proof. As an additional precaution, 
we float all scales for marine instruments with a colorless varnish, 
so that even submersion in water cannot afiect their surfaces or 
cause stretching and shrinking of the bristol board. 
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All instruments are calibrated by direct comparison with 
standard instruments wbicb are kept in constant check with 
fundamental standards of current and voltage. Our laboratory is very 
perfectly equipped in this respect, and every facility is at hand for 
making direct tests and comparison of voltage, current or resistance. 

All scales are drawn in by hand, and every numbered point 
on each scale is determined by comparison with a standard instru- 
ment of suitable range. Intermediate points are put in by means 
of the curve of calibration, which is checked before an instrument 
is sealed, and each instrument is accompanied by a certificate of 
accuracy. In the case of voltmeters, the resistance is stated so that 
they are made available for testing or comparing resistances and 
for the many other purposes outside of mere voltage determinations. 



The above illustration shows a back view of our Type "K," 
illuminated dial, voltmeter and ammeter, the front view being the 
same as that shown on page i. The scale is drawn on opal glass, 
and is illuminated by means of a standard i6 c.p. incandescent 
lamp. The lamp is so located that the scale is uniformly illumi- 
nated without shadows. 



Digitized by CjOOQIC 



SELECTION, USE AND CARE OF ELECTRICAL 
MEASURING INSTRUMENTS. 

The proper use and care of electrical measuring instruments 
involves, in the first place, the selection of the particular type, 
style and range of instrument best suited for the measurements to 
be made, with due consideration to the conditions under which the 
instrument must operate. 

The selection of the proper style of switchboard instrument 
depends, primarily, upon the taste of the purchaser, with due 
consideration to the installation in which the instrument is to be 
used. Size, shape, finish and character of scale are questions which 
can only be decided when considered in connection with the entire 
installation. We believe we make a sufiicient variety to enable a 
selection which will harmonize with the switchboard fittings, and 
which will be in consonance with the general scope and plan of any 
lighting or power plant. At times, of course, the question of price 
becomes an important factor, and in this respect we have endeavored 
to give as large a range of selection as we have in the appearance 
and size of the instruments themselves. 

We are quite well aware of the fact that individual instruments 
may be purchased at lower prices than we are able to name. Our 
plan, however, has been to first design the instrument and ascertain 
for just how little that instrument can be produced, and then, based 
on that, we have fixed our selling price. We have consistently 
avoided fixing a selling price first, and endeavoring to construct an 
instrument which would fall within the price so set. We firmly 
believe that in the selection of so important an adjunct to an 
electrical installation, it pays to make and buy only the best ; and 
with that end in view we have established one standard for all of 
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our instruments, irrespective of the selling price. Features present 
in one type may be absent in another, but the base construction of 
every instrument is the same as for every other instrument in its own 
particular class. All material entering into the construction of any 
of our instruments is the best we are able to obtain, and the work- 
manship employed the most skilled that the labor market affords. 

We realize fully that our reputation rests on the instruments 
we turn out from day to day, and that our only hope of future 
success lies in the continuance of the policy adopted at the outset ; 
which is, to give an honest dollar's worth of finished product for 
every dollar paid to us, and to treat every customer who comes to 
us with justice and with courtesy. 

We cannot hope, in the brief space at our disposal, to attempt 
to describe every possible condition under which an instrument can 
or cannot be used, and to indicate the particular type or system best 
suited for such conditions. Our remarks here must necessarily be 
limited, but we are always ready and willing to take up and discuss 
with our customers any of the questions which may arise in 
practical work, and to place at their disposal any experience we 
may have gathered during the years we have been in this particular 
line of business. 

In the matter of the selection of instruments for any particular 
class of service, we can say that our portable instruments classify 
themselves. For direct current measurements there is no system 
so well adapted to all conditions of use as the Deprez-d'Arsonval. 
These instruments possess the advantage of having equally divided 
scales, so that for every unit increase in current there is an equal 
angular deflection of the moving coil and pointer. They are 
necessarily well shielded from the influence of external fields, due to 
the intense field produced by the permanent magnetinthe instrument. 
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In this particular type of instrument we liave reverted to a 
construction wliich was formerly found to be satisfactory, but which 
later was abandoned by some manufacturers on account of its cost ; 
that is, the employment of a heavy magnet of generous area, high 
permeability and high retentivity. The employment of such an 
intense field enables us to employ a solid and strong moving system, 
and, further, enables the use of an air gap sufficiently wide to obviate 
the danger of the moving coil binding, due either to any slight 
deformation of the coil or to the presence of any small particles 
which may find their way in between the pole pieces and core. 

This type of instrument is readily made aperiodic in its 
indications, and, when properly designed, possesses a very high 
resistance, in consequence of which the power consumption neces- 
sary to operate the instrument is almost infinitesimal. With the 
Deprez-d'Arsonval type of instrument it is possible to make a large 
variety of measurements ; for instance, with a voltmeter and 
ammeter, not only voltage, current and power may be measured, 
but likewise resistances, leaks and many other properties of the 
apparatus or circuit under test. 

Another advantage possessed by this style of instrument is the 
fact that they may be so readily adjusted for ranges other than the 
calibrated range by the employment of extra shunts or resistances. 
For temporary use, these extra shunts or resistances can be readily 
constructed by any skilled mechanic; but for continued use, or 
where accuracy is an important feature, they should be constructed 
and tested by the manufacturer of the instrument, who possesses the 
requisite laboratory facilities. These extra attachments, which so 
greatly increase the value of the instrument, cost but little, and 
can be readily furnished for use with any instrument. When such 
extra appliances are desired, the serial number and range of the 
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instrument should always be specified, in order that we may be able 
to make proper adjustment from the record which we keep of every 
instrument shipped. 

All of the above applies to Deprez-d'Arsonval switchboard 
instruments, quite as well as to portable instruments. 

Alternating current portable instruments cannot be made with 
equally divided scales, but outside of tbis possess many of the 
advantages of the Deprez-d'Arsonval system, with the additional 
advantage that they may be used on either direct or alternating 
current circuits with equal accuracy. 

By the use of a combination portable voltmeter, ammeter and 
wattmeter it is possible to study all of the important features of an 
alternating current circuit. The fact that the volt-ammeter readings 
as determined by a voltmeter and an ammeter, when compared 
with the watt readings as indicated by a wattmeter, show the 
power factor of the circuit, and, by a simple proportion, indicate 
the angle of lag or lead, enables the user to study in detail every 
portion of the circuit under test, and to measure accurately the 
losses in transmission or in the translating devices employed. 

The electro-dynamometer system, as used in portable instru- 
ments, is also well adapted for switchboard use on alternating 
current circuits. 

In handling or installing electrical instruments, it should be 
remembered that electrical indicating instruments are necessarily 
delicate in their construction. This may be appreciated when it is 
remembered that the instrument-maker has at his disposal, as a 
rule, but little more than one watt in order to operate the instrument 
at full scale. This consumption of energy varies somewhat with 
the type and range of instrument, falling as low as a fractional part 
of one watt and never exceeding five watts. It is, of course, 
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important that the watt consumption within the instrument should 
be small, not only for the purpose of saving a constant expenditure 
of energy, but, likewise, for the purpose of making the instrument 
more accurate in its indications. The less power taken from a 
circuit by the device employed to measure the power within the 
circuit, the nearer the indications will be to absolute accuracy. 

Aside from the matter of power consumption within the 
instrument, it is necessary that the moving parts should be light and 
delicate in order to obtain a satisfactory degree of "dead-beatness," 
and from the lightness of the moving parts follows the necessity 
of most carefully polished pivots carried in bearings of the best 
obtainable sapphires. All stationary parts of our instruments are 
solidly built and firmly secured to one another, so that all the 
delicacy is confined to the moving elements. 

We think we have demonstrated the fact that we have succeeded 
in finding a happy medium in the matter of the moving parts, and 
our experience has shown that if the instruments are properly 
handled they will remain accurate indefinitely; but we wish to 
impress on all users that indicating instruments are entitled to the 
same care in handling that would be given a high-grade watch or 
chronometer. All instruments are very carefully packed by us in 
stout boxes, the instrument being protected on all sides by not less 
than two inches of fresh, clean excelsior, and, as noted on the 
packing advice which accompanies every instrument, they should 
be repacked as carefully as when received, whenever it may be 
necessary for the consignee to reship them to other points. Time 
and money will be saved by shipping instruments by express rather 
than by freight, due to the fact that greater care is given the 
instruments during transit. Instruments should never be shipped 
attached to the switchboard on which it is proposed to use them. 
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In foreiga shipments, the cases containing instruments should not 
be opened until they reach the point of destination. This is due to 
the. fact that for all foreign or water shipments the instrument is 
enclosed in a metal case, hermetically sealed and surrounded on the 
outside with a wooden packing case. It is almost impossible to 
reseal this metal case after it has once been opened, and it is 
essential in marine shipment that the instrument should be 
protected from moisture and water. 

Portable instruments should never be used in the neighborhood 
of strong magnetic fields. The effects of a strong magnetic field on 
a Deprez-d'Arsonval instrument is liable to permanently change its 
indications. No permanent injury will be done to a dynamometer 
system, but the indications will not be correct while in the presence 
of the strong external field. 

Dropping a portable instrument almost invariably results in 
injuries to the pivot points or jewels, which render a recalibration 
advisable. 

It is no longer considered good practice to attempt to club an 
instrument into submission. Modern instruments can be depended 
upon to indicate correctly without the necessity of external 
persuasion. 

In using cither switchboard or portable instruments the glass 
which covers the scale should not be rubbed or polished before taking 
a reading, due to the fact that such a rubbing induces static charges 
in the moving parts, which static charges interfere with the accuracy 
of the indications until they are dissipated. Static charges 
accidentally induced may be removed by touching the finger lightly 
on the glass immediately above the pointer. The dissipation of 
the static charges will be shown by the pointer returning to zero. 

As we have said before, all instruments shipped by us are 
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sealed, not_ only for our own protection, but, likewise, for the 
protection of the purchaser, in case the instrument should be used 
by employees or associates. There is no occasion for any user to 
open an instrument, and, as can be readily appreciated, we cannot 
assume responsibility for the performance of instruments which have 
been opened by customers. Our guarantee stands back of every 
instrument shipped by us, and we agree, for the period of one year 
from date of shipment, to replace, free of charge, any defective parts, 
or to repair any damage due to the use of defective material or 
defective workmanship. We would like to impress upon all 
customers the fact that while instruments may be returned to us for 
repair, under our guarantee, with seals unbroken, and presenting 
no external evidence of injury, yet we are able, in almost every 
instance, to locate the cause of trouble. An examination of any 
instrument by its maker enables him to tell at once why the 
instrument did not operate, and whether the reason for its failure 
to operate is due to defective workmanship or material, or is due to 
misuse on the part of the customer. We have many times made 
repairs, for which no charges have been rendered, when the fault 
was clearly not our own, due to the fact that the party returning 
the instrument refused to be honest in the matter, insisting that the 
instrument had not in any way been misused, notwithstanding the 
fact that its condition showed plainly that it had, and showed just 
exactly what the misuse had been. Such cases, of course, show the 
character and disposition of the party with whom we may happen 
to be dealing, and we naturally reserve to ourselves the right of 
forming our own opinion as to tlieir honesty and desirability as 
customers. 

We believe it will pay engineers and contractors to study 
carefully the question of the proper location of switchboards, 
145 
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placing them so that they are not subject to the influences of any 
external magnetic fields, and mounting them on solid foundations ■ 
which are not connected in any way with the dynamo foundation. 
This latter point is important; for, if there is any vibration 
transmitted to the switchboard, the instruments will receive more 
frictional wear in one day from a vibrating board than they will 
receive in a year of actual indication on a steady board. 

Many articles have been written which attempt to give methods 
for testing switchboard instruments in central stations or isolated 
plants, but in nearly every case the methods or apparatus described 
are impracticable. Circuits cannot be opened indiscriminately, and 
laboratory apparatus and methods cannot be successfully employed 
in an operating plant. The simplest and most satisfactory plan is 
to test by means of portable instruments of proper range in 
connection with suitable shunts or multipliers. The portable 
instruments possess the advantage of being direct reading and easily 
put into circuit. They should be most carefully treated, and kept 
as chectf or standard instruments. Such instrument, as a matter of 
precaution, should be returned to the manufacturer not less than 
once a year for checking. This service costs very little and 
constitutes an absolute guarantee against errors. By means of such 
portable instruments it is possible to test indicating, registering or 
recording instruments of any type or make for accuracy, for the 
influence of external fields, for temperature errors due either to 
internal heating from the passage of current through them, or due 
to external heating from changes in the ambient temperature. 
Electro-magnetic instruments may be tested for errors due to lag or 
hysteresis on direct current circuits, or for errors due to self- 
induction on alternating current circuits. The methods of making 
such tests are well understood, but care should be taken that the 
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portable instruments are not subjected to the same conditions of 
temperature or magnetic influence as the instruments which are 
being tested. 

In order to show clearly the different laws which govern 
different types of instruments, we show graphically on the next 
page the curves of calibration of the Deprez-d'Arsonval, electro- 
dynamometer and electro-magnetic systems. It will be noted that 
each type follows a well-defined law, and that each scale should 
show the presence of that law in its calibration. While we never 
attempt to force a calibration nor employ engraved scales, we draw 
the curve of calibration for every instrument, as a check on the 
accuracy of the calibrating department and as a guard against 
possible error. If any instrument does not follow its law, there is 
something wrong in either the design or construction. This point 
should be noted by users ; for when instruments of the same type 
show variations from their law, evidenced by the spacing and 
arrangement of the scale divisions, there is something inherently 
wrong. 

The practical application of curves A and C are well 
illustrated in the calibrated scales shown on this and the following 
page. 



Direct Current Portable Voltmeter. 




DEPREZ-dARSONVAL SYSTEM (Curve A). 
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Alternating Current Portable Voltmeter. 




ELECTRO-DYNAMOMETER SYSTEM (Curvk C). 
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DIMENSIONAL DIAGRAMS OF 

KEYSTONE MEASURING INSTRUMENTS 
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DIMENSIONAL DIAGRAMS 
Type R Series Ammeter 




DIMENSIONAL DIAGRAMS 
Type R Voltmeter and Shunt Ammeter 




The above instrumenta are also made In Flush Types 
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DIAGRAM OF SWITCHBOARD 
Ammeter Shunt 
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DIAGRAM OF SWITCHBOARD 
Ammeter Shunts 
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DIMENSIONS OF AMMETER TERMINALS 
For Series Connected Ammeters. 
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Apply.ing to Dimenuonal Diagrams of Switchboad Series Amnieteis. 
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This and the followhijf dla«:rama serve to suggest methods of connecting 1-T-E 
Circuit Breakers, to meet a number of the most usual conditions of service. 




Connections of Sing:le Pole I-T-E Overload Circuit Breaker 

Armnged to protect Generator. See pages 12 and 16 of cntnlogiie 
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('onneetions of Sing-le Pole T-T-E Overload Circuit Breaker 
Arranged to protect Motor. See pages 12 and 16 of catalo)riie 
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Single Pole I-T-R Overload Circuit 
Breaker— Laminated Type 

Connepted in rue<1er circuit, Spe pa;res 12ii and 1 12 
of catalogue. 

Single Pole I-T-E Overload Circuit 

Breaker— Laminated Type 

Connorted to protect gencrn tor. P<>cpngP8 120 and 

142 of catalogue. 
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Single Pole I-T-E Circuit Breaker 
Connec{«d to protect single phase alternating current generator. Bee page 36 of catalogue. 
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Conneotions of Double Pole Two-Coil I-T-E Circuit Breaker 

Ananged for the protection of generatore on Ediaon Three-Wire System. See pages 44 and 46 of catalogue, 
also pagea 122, 136 and 13B, for laminated Types. 
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Connections of Three Pole Two-Ooil J-T-E Circuit Breaker 

Arnnged for the protection oT tiiree-phase alternating current generator. See page 43 of catalogne, also 
pages 124 and 140 for Laminated Types. 
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ConnectionB of Double Pole I-T-E Overload Circuit Breaker 

For the protaction of generator. See pagea 26 and 30 of catalogue, aleo 118, 128, 130 and 144, for Laminated Types. 
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Connections of Single Pole I-T-K 
Circuit Breaker (Midg'ot Junior Type) 

For the protection of motor from overloodB. See 
pagee 8 and 10 of catalogue. 



Connections of Single Pole Ovei-load 

and No Voltage I-T-E Circuit 

Breaker 

(7[f Protecting motor from overloads, also disconnecting 
tlie motor in case of failure of line pressure. See pages 
84, m, m and 90 of ratalogue. 



Digitized by CjOOQIC 



N g) ■ ? 




Connections of Single Pole I-T-E No 

Voltage Circuit Breaker (Midget 

Junior Type) 

Arranged to discoiinect motor upon failure of line 
preBBure. Sea pagM 60 knd 62 of cftUlogae. 



Connections of Single Pole l-T-K, Over- 
load and No Voltage Circuit 
Breaker (Midget Junior 
Type) 

Arranged to protect motor from overloads, also to 
diBconnect it in case of failure of line pressure. See 
page* flO and 83 of catalogue. 
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Connections of Double Pole I-T-E Circuit Breaker (No Voltage Type) 

Arranged to disconnect both polex of motor upon failure of line presaare. See patjea 61 sod 66 of cOitalogue. 
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Connections of Single Pole I-T-E Connections of Single Pole 1-T-E Over- 
Underload Circuit Breaker ^°^ *"^<1 Underload Circuit Breaker 
(Midget Junior Type) <'"<lset Junior Type) 

.^.... .. ... , Arranged to disconnect atongB battery upon the 

Arranged U> disconnect storage battary when same is -o j e 

,„._,,.. -..I 'I- n paasageofezcettive current, also when the same is fully 

fully chaiged or tends to reverse into charging line. Bee i-~— t i j 

page 68 of catalogue. "'""'^ °' ^""^^ '** "'"^'^ '"**• ch'"**"^ ""«■ ^ee page 

08 of catalogue. 
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Qonneetions of Single Pole I-T-E 
Underload Circuit Breaker 

Will disconnect storage battery when fully charged, 
or when it tende to reverse into the charging line. See 
pages 70 and 72 of catalogue. 



Connections of Single Pole I-T-E Over- 
load and Underload Circuit 
Breaker 

Arranpeil to disconnect storage battery upon the 
passage of exceseive current, also when fully charged, or 
when the Imttery current tenda to reverse into the 
charging line. See pages 100, 102 and 104 of catalogue. 
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Double Pole I-T-E Underload Circuit 
Breaker 

Arranged to Jisconneet storage battery wlien same 
IB full; charged, or when it tends to reveree into the 
charging line- See pages 76 and 78 of catalogue. 



Double Pole I-T-E Overload and 
Underload Circuit Breaker 

Armnged to protect storage battery from tlie paeHige 
of exceaeive carrents, also to disconnect it wlien fully 
charged, or when it tends to reverse into the charging 
line. See pages 108 and 110 of catalogue. 
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Double Pole Overload and Reversal Type I-T-E Circuit Breaker 
Arranged for the protection of motor generating eet employed to charge atorage battery. Dieconnecte both 
motor and generator, eitlier in the event of overload or in the event of failure of the current supply. The CHrcuit 
Breaker shown is equnlly satisfactory whether the motor current is direct or alternating. It ie one of our many 
"Specials," 
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SWITCHBOARDS 
FOR STREET RAILWAY WORK 

Perhaps no feature of an electrical in- 
stallation contributes more to its efficiency 
than a properly designed and carefully con- 
structed switchboard, while on the other 
hand, imperfections at this point may render 
unsatisfactory an equipment otherwise per- 
fect; for this reason the switchboard well 
deserves the careful attention devoted to it 
by the progressive engineer. The recent 
developments in switchboard practice have 
all been along the line of increased simpli- 
city ; unnecessary complications have been 
eliminated, oftentimes at some sacrifice of 
flexibility. In present-day practice useful- 
ness is aimed for rather than extreme orna- 
mentation, and neatness, uniformity and 
simplicity are sought even to the point of 
plainness of appearance. To sum up, the 
essential features of switchboard design are 
simplicity, uniformity, effectiveness in opera- 
tion and convenience of manipulation. 
While these points are important elements 
in any switchboard construction, they are 
particularly so in the case of street railway 
work, where the conditions to be met with 
are among the most severe, and where illustration No. 44 

Standard Generator Panel 

emergencies are constantly arising, which, if For standard Railway switchboard 
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not instantly and effectively dealt with, will inevit- 
ably lead to serious results. 

It must be remembered that all of the many 
different feeders which leave the street railway 
switchboard are at the mercy, not only of the 
elements, but of fires and accidents which are 
liable to occur within the area which they cover, 
and in the majority of instances the excessive 
conditions thus thrown upon the generators at the 
station must be cared for by the apparatus upon 
the switchboard, which therefore must be selected 
with a view to meeting these abnormal conditions 
as well as those of ordinary operation. 

With these considerations in mind, it is 
obvious that the switchboard appliances should be 
chosen with a view to simplicity and reliabil- 
ity under any and all conditions of service, while 
they should be so located upon the switchboard as 
to be most accessible to the eye and hand of the 
attendant. 

In the street railway switchboard, uniform- 
ity of design is a most important point, not only 
on the score of appearance, but also on account of 
the increased ease of handling which is thus 
attained, and greater certainty of action on the 
part of the switchboard attendant in the event of 
emergency; for where all of the panels are of one 

standard design, " habit " comes very materially to 

iiiM,.,,i„„ No. 45 jjjg ij[ of jjjg operator. Again, the street rail- 

Standanl 1-eeder Panel '^ ^ ' 

smet Raiiwa'"s.itchbo.rf Way switchboard is likely to be the subject of 



Digitized by tj OOQ IC 



frequent enlargements, and where it is composed 
of units conforming with a standard design, 
additions can be made with greatest promptness 
and at least expense. 

While these principles apply very generally 
for all conditions, the choice of the type of panel 
for each particular case can be made only when 
all of the conditions of operation are known. 
With these in hand, the problem is a relatively 
simple one, as switchboard builders are always 
ready to submit full data and plans to meet every 
contingency. 

We append herewith cuts of the street rail- 
way panels, for which we are indebted to a lead- 
ing builder of this class of apparatus. 

Cut No. 44 represents the Standard Genera- 
tor Panel, provided with I-T-E Laminated Type 
Circuit Breaker, mounted at the top where the 
flash incident upon breaking the circuit can 
occasion no damage. The amply proportioned 
spade handle, closing the instrument by easy 
downward movement, makes its manual operation 
extremely simple regardless of position. Next 
below is the ammeter, situated so as to be about 
on a level with the eye ; a suitably located 
incandescent lamp and reflector makes the 
scale readable, even at a distance ; below, to 
the left, is shown the shunt field switch, 
across the contacts of which is connected a illustration no. 46 

. ^ . . . . . , , . , Total Output Panel 

non-inductive resistance, in series with which For street Railway swuchboaid 
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is the pilot lamp placed upon the front of the panel. The resist- 
ance shunts the field at break and serves to take up the inductive 
discharge; the pilot lamp, lighting up as it does on the occasion of 
each break, indicates that the shunt has been properly brought 
into circuit. 



Illustration No. 47 

The voltmeter switch, directly below the field switch, enables 
the station voltmeter to be thrown from the circuit of one genera- 
tor to another. The one shown here is of the familiar plug type 
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'hile the generator panels shown in the cut No. 47 are provided 
ith rotary switches servins the same Duroose. 



with rotary switches serving the same purpose. 



Rear View of Street Railway Switcliboards. Built of Standard L'nits. 

The two quick-break knife switches shown in the center of the 
board are located one on each side of the line, while the small 
switch at the right of these controls the power-house lights. 

The lower section of the panel is reserved for the shunt field 
rheostats. 
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Cut No. 45 illustrates the standard feeder panel, which, in 
addition to the apparatus shown upon its face, is provided in the 
rear with the choke coil and lightning arrester. 

The total output panel, cut No. 46, is for convenience and sim- 
plicity of construction usually placed between the generator and 
feeder panels; this is the arrangement shown in cut No. 47, of which 
cut No. 48 is a rear view, illustrating a complete street railway 
switchboard built up of standard units and representing the most 
approved design for this class of work. 

The method of connecting the various instruments which are 
usually mounted upon the Street Railway Switchboard is shown in 
cut No. 49. 
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While perhaps not sufficiently comprehensive to meet all con- 
ditions, the following outline specifications cover the points usually 
dealt with in such papers and follow current practice as dictated by 
the requirements of street railway work. 
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SPECIFICATIONS FOR SWITCHBOARD FOR 

STREET RAILWAY COMPANY. 

This specification will accompany drawings Nos forming a part 

hereof. Anything shown in the drawings and not mentioned in the specifications, or 
vice versa, is to be regarded as if both specified and shown in drawings. No 
divergence of any kind is to be made from either specifications or drawings without 

the approval of the engineer of Street Railway Company. 

SIZE. — The board is to consist of two generator panels, one total output panel and 

four feeder panels, each of dimensions as shown in accompanying drawing. 
MATERIAL. — The panels are to be 2 inches thick, of the best obtainable Vermont 

slate, free from metallic veins or flaws ; each piece is to have a ^s'-inch bevel all 

around face ; all to be black enameled on faces and sides, and all exposed sides 

polished. 
INSTRUMENTS. — The following instruments are to be mounted by the contractor, 

as indicated in accompanying drawings. Except where specifically provided for 

otherwise, the contractor is to supply all apparatus herein specified : 
PANELS Nos. I and 2. each; 

I Round pattern "Keystone" ammeter, 0-1500 amperes. 

r Single pole 750 volt type I-T-E Laminated circuit breaker, 1000 amperes 
capacity, overload adjustment to 1500. 

I Two-point voltmeter switch. 

I Single pole field switch. 

1 Single pole, single throw, quick break switch, 100 amperes, 

2 Single pole, single throw, quick break switches, 1000 amperes each. 
I Pilot lamp. 

1 One light lamp bracket with reflector. 

I One field rheostat to be furnished by The Railway 

Company. 
In addition to above. Panel No. i is to be supplied with one illuminated dial 

voltmeter, 0-750 volts, mounted on swinging bracket, 
PANEL No. 3. 

I "Keystone" illuminated dial ammeter, 0-2000 amperes. 
I Bristol recording voltmeter, 0-750 volts. 
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I Thompson recording wattmeter, 2000 amperes normal capacity. 

1 One light bracket with reflector. 
PANELS Nos, 4 and 5, each : 

2 Single pole, 750 volt type I-T-E Laminated 600 amperes circuit breakers with 

adjustment to 900 amperes, 
2 ■' Keystone " round pattern ammeters, 0-800 amperes. 
2 Quick break, single pole, single throw switches, 600 amperes capacity. 
2 One light brackets with reflectors. 

Panel No. 5 is also to be supplied with one " Keystone" illuminated dial volt- 
meter. 0-750 volts, mounted on swinging bracket. Brass labels, lettered 

as shown in drawing No , are to be provided for each of the 

feeder circuits. 
FRAME. — Each panel is to be bolted to two ;^x ^xj^ inches vertical angle irons, 
provided with suitable foot-plates and adjustable tie rod 36 inches long, adjacent 
angle irons to be securely bolted together. All bolt-heads and nuts showing on 
face of board to be of acorn pattern and copper finished, under each is to be 
placed copper-finished metal washer, J^ inch thick. 
CONNECTIONS. — Connections on the back of switchboard are to be of hard 
drawn copper and of sectional area, such that current density shall nowhere 
exceed 800 amperes to the square inch. As far as possible all connections are 
to be of straight pieces without joints. Where joints are employed they must 
be sweated. Current density across bolted contacts must not exceed 200 
amperes per square inch. The current to be carried by any piece of copper to 
be figured as equal to the rated capacity of the apparatus to which it connects. 
All connections are to be included except those exterior to the board, and for 
these latter, cable lugs are to be provided. These are to be drilled on the basis of 
1000 circular mils per ampere. All voltmeter and lamp connections to be made of 
No. 14 B. & S. gauge insulated wire enclosed in flexible tubing, which is to be 
secured to the board by means of metal clips. Leads for lighting circuit to be pro- 
tected by enclosed fuses mounted on back of board at connections with main circuit. 
All connections of small wires to main circuit to be by means of binding posts. All 
wires to be run in straight horizontal and vertical lines with right-angle turns. 

Slack of ammeter leads to be carried in proper length sections of hard rubber 
or fibre tubing securely attached to board with brass clips. 

EINI.SH. — The exposed current-carrying parts of all apparatus upon the face of the 
switchboard will be polished copper; framework and cases of same will be fin- 
ished dead black. 
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Capacity of Circuit Breaker Best Adapted for 
Generator of Given Size. 

The following tiible shows the sizes of Circuit Breakers l»;sl adapted for the pro- 
tection of generiilors of any given voltage and kilo-watt output. 

The figures given in ei'ery case correspond with Rated or .N'ormal Caiwcilies. 
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Capacity of Circuit Breaker Best Adapted for 
Motor of Given Size. 



; of Circuit Breakers best adapted for the pro- 
Horse-I'owerto 100 Horse-Power at Voltages 



The following table indicates the s 
tection of various sizes of motors of from 
of 135, 150 or 500. 

The figures given in the left-hand column indicate the Horse-Power of the motor 
at full load, the remaining columns show the Normal Capacity of the Circuit Breakers 
required for each of the voltages given. 



H«tw-PoH'tr of Moiur 



Normal C.Tpacity of Circi 
fituker. 
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SWITCHBOARD FOR A MANUFACTURING PLANT. 



The accompanying drawing serves to show the general arrange- 
ment of a switchboard for a large manufacturing establishment 
employing electricity both for lighting and power. As may be 
seen, the board controls four generators and supplies twelve feeders. 
The system is two-wire, 125 volts, direct current. The generator 
leads are run under the floor to the switchboard; it is found 
convenient, therefore, to place the machine circuit breakers at the 
bottom of the board. As these instruments are of the "Laminated" 
type and closed by an easy downward movement of the handle, 
this arrangement is entirely satisfactory. 

The circuit breakers are of the "Dublarm" type, thus securing 
absolute protection even should they be manipulated while the 
switches in series with them are closed. Each generator is con- 
nected to the blades of a three-pole, double-throw switch. Two 
sets of bus bars are provided, each running the entire length of the 
board, the connections being such that any generator may be run 
upon either set of buses. This arrangement permits of the lighting 
circuits being supplied, when so desired, independently of the 
generators feeding the power circuits. As the power load may be 
subject to heavy variations, with resulting fluctuations in voltage, the 
advantage of this plan is apparent. 

. Each generator panel is supplied with its ammeter, showing 
instantly whether each unit is taking its due share of the load, 
while pilot lights, located below ammeters, serve as a ready 
indication of any undue variation of voltage. Two illuminated 
dial voltmeters are supplied, each mounted on an adjustable 
bracket. It is the intention that one voltmeter shall remain in 
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connection with each pair of buses, but by means of the two rotary 
voltmeter switches, located on the total output panel, each one may 
be connected to either set of bars or used as a ground detector. 

The three switches on the total output panel are for the pur- 
pose of tying together the two sets of buses, should an emergency 
render it desirable to supply simultaneously both light and power 
circuits from the same generators. 

Two Thompson wattmeters serve to record the power delivered 
to the power and lighting buses respectively, and each set of bars 
is also provided with its ammeter and recording voltmeter. 

Upon the feeder panels the usual switches are dispensed with, 
an arrangement made possible by the use of " Dublarm " Circuit 
Breakers, by means of which each feeder is connected to its proper 
busbars. In the board under consideration, the lighting bus bars 
are located just above the power buses and near the center of the 
board. Just above them are mounted the circuit breakers for the 
lighting circuits, the feeders for these circuits being carried off 
from the top of the board. 

The Circuit Breakers controlling the power circuits are placed 
toward the bottom of the board, these feeders leaving at the bottom 
of the board and being run under the floor to their respective ducts. 
For convenience in making readings, all of the feeder circuit 
ammeters are placed toward the top of the board, those for the 
lights being above those for the power circuits. 

The arrangement above outlined is one of great simplicity and 
is also desirable on account of the flexibility which it gives. Not 
only may light and power circuits be kept entirely independent, 
but any or all generators may be connected with either or both sets 
of buses. As will be seen also, the plan is one which permits of a 
large number of circuits being effectively controlled from a 
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, switchboard of very moderate dimensions and characterized by 
great simplicity of construction. 



SPFXIFICATIONS FOR SWITCHBOARD FOR 

MANUFACTURING COMPANY. 



These specifications will accompany drawings Nos forming a part 

hereof. Anything shown in the drawings and not mentioned in the specifications, or 
vice versa, is to be regarded as if both specified and shown in drawings. No diver- 
gence of any kind is to be made from either specifications or drawings without the 

approval of the engineer of the Manufacturing Company. 

PLAN. — The system is to be two-wire, direct current. 125 volts. Current is to be 

supplied by four generators of the following capacities Two sets 

of bus-bars are to be provided, one to feed the power circuits and one to feed 
the lighting circuits. Each set of bus-bars is to be proportioned for carrj'ing 
the total current of all generators running at full load, and connections of gen- 
erator switches are to be so arranged that each generator may be operated on 
either pair of bus-bars. 
SIZE. — The board is to consist of four generator panels, two total output panels, 
and three feeder panels, each of dimensions as shown in accompanying drawing. 
MATERIAL. — The panels are to be not less than one and one-half inches thick 
{1% inches), of black enameled slate, free from metallic veins or flaws, all front 
edges to have one-quarter inch {^ inch) bevel faces, and all exposed sides 
polished. 
APPARATUS. — The following apparatus is to be mounted by the contractor, as 
indicated in accompanying drawings. Except where specifically provided for 
otherwise, the contractor is to supply all apparatus herein specified. 

FOUR GENERATOR PANELS, EACH. 

I "Keystone" illuminated dial, o to (size) amperes ammeter. 

I Double pole, automatic, '■ Dublarm " circuit breaker, amperes 

capacity. (Capacity of generator,) 
I Pilot lamp. 
I Enamel field rheostat of approved type. 
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1 Triple pole, double throw knife switch of amperes capacity. (Capacity 

of generator.) 
In addition to above there will be two " Keystone " illuminated dial voltmeters, 
0-125 volts, mounted on swinging brackets at end of board. 
TOTAL OUTPUT PANELS: 

2 " Keystone " illuminated dial ammeters. 

2 Voltmeter switches, so connected that the following readings may be taken 

with either voltmeter : 
Voltage across any generator leads, 
lighting buses. 
" " power buses. 

from positive power bus to ground. 
" negative " " " " 
'• positive lighting bus to " 
" " negative " ' 

3 Single pole, single throw knife switches, of .... amperes capacity, each, 

for tying power and lighting buses, 
2 Thompson recording wattmeters, one of amperes and one of 

amperes, at 125 volts, in circuits of power and lighting buses respectively. 
2 Bristol recording voltmeters. 
THREE FEEDER PANELS EACH. 

4 "Dublarm " I-T-E circuit breakers. 

4 "Keystone" round pattern ammeters. 

Each of the above to be of capacities as shown in accompanying drawing. 

4 Brass labels, each engraved with name of circuit controlled. 

INSTRUMENTS. — All instruments to be of the permanent magnet type, and to be 
capable of being left continuously in circuit. They shall be left by the con- 
tractor correctly calibrated. No splices of any description to be allowed in 
shunt cords to voltmeters and ammeters. 

FRAMES, — Each panel to be bolted to two ;ix ;^ x ^/^ inches vertical angle irons, 
provided with suitable foot-plates and adjustable tie rod. Adjacent angle irons 
to be securely bolted together. 
The bottom of the board will rest on a black slate sill three inches (3 inches) 

high by two inches (2 inches) thick, sills to be width of panels and have J^-inch bevel 

edge. 
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CONNECTIONS. — Connections on the back of switchboard are to be of hard 
drawn copper, and of sectional area such that current density shall nowhere 
exceed 800 amperes to the square inch. The bus bars, and as far as possible 
all connections, are to be of straij^ht pieces without joints. 

Where joints are necesssary they must be sweated. Current density across 
bolted contacts must not exceed 200 amperes per square mch. The current to be 
carried by any piece of copper to be figured as equal to the rated capacity of the 
apparatus to which it is connected. 

The board must be finished with all connections complete and ready for con- 
necting to various circuits, and for which the contractor will supply cable lugs drilled 
on the basis of 1000 circular mils per ampere. 

All voltmeter and lamp connections are to be made of No. 14 B. & S. gauge 
fire- and weather-proof wire, secured to the board by means of brass clips. Leads 
for lighting circuits to be protected at connections with main circuit by enclosed 
fuses, mounted on individual bases on back of board. All connections of small 
wires to main circuit to be made by means of binding posts. All wires to be run in 
straight, horizontal and vertical lines with right-angle turns. 

Slack of ammeter leads to be carried in proper length sections of hard rubber 
or fiber tubing, securely attached to board with brass clips. 

All wiring and construction shall be in accordance with rules of Fire Under- 
writers. 

FINISH. — The exposed current-carrj'ing parts of all apparatus upon the face of the 
switchboard will be polished copper, frame-work and cases of same will be 
finished dead-black. Instruments to have polished copper and black faces. All 
bolt-heads and washers upon face of board to have polished copper finish. 
NOTE. — In drawing up specifications it is good practice for the engineer to specify 
the makes of apparatus which will meet with his approval, as otherwise inferior 
makes may be substituted. In some cases there are no drawings furnished 
with the specifications, and in such instances the engineer should see that the 
contractor submits blue-prints, showing exactly what he proposes to furnish. 
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A SWITCHBOARD WITHOUT SWITCHES. 

A very compact switchboard in which switches are entirely 
displaced by circuit breakers is outlined in the accompanying cut. 
The board consists of Generator, Total output and Distributing 
panels placed in their usual relative positions. 

Provision is made for two generators, which are connected with 
the bus bars by means of triple-pole independent-arm circuit 
breakers. These have the usual overload operation, and in addition 
will open the circuit should the current flow through them in the 
reverse direction, a possibility which in the parallel operation of 
generators is by no means remote ; resulting, as it may, either from 
careless handling of the apparatus, imperfect regulation of the 
speed of the prime movers, or accident to one of the field circuits. 
Kach generator is provided with an ammeter and pilot lamp. To 
the right of the board, mounted on a swinging bracket, which may 
be adjusted so that the scale of the instrument can be seen 
conveniently at any desired point, is an illuminated dial voltmeter ; 
the voltmeter switch on the generator panel permits of this 
instrument being used to measure the voltage of either generator, 
or to detect grounds on either side of the line. 

The total output panel is provided with a voltmeter which 
ordinarily indicates the voltage at the bus bars. This instrument 
is also controlled by a switch connecting with the same points as 
the generator voltmeter switch ; thus the two instruments may be 
employed to check each other, and injury to one of them would 
occasion no serious inconvenience. 

An ammeter measuring the total current passing through the 
bus bars, a wattmeter recording the total power, and a Bristol 
recording voltmeter make the total output panel complete. 
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The feeders are connected to the bus bars by means of double 
pole, double arm ("Dublarm") circuit breakers, thus insuring for 
the circuits perfect protection from overloads. This arrangement 
of feeders is one which combines economical construction with 
effective operation. It is constantly growing in favor with leading 
engineers. 



L^AYouT or Switchboard 

IN WHICH SWITCHES ARE niBF=>L.ACE:n 
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ELECTRICAL CONSTANTS 
OF COPPER AND ALUMINUM BARS 

The tables given herewith furnish the electrical constants of 
aluminum and of copper bars which are most likely to be of use to 
the switchboard designer. The current which any given section 
may carry is calculated upon the basis of a load factor of 50 per 
cent, and the densities given are those which for average conditions 
of radiation would result in a temperature rise of about 10 degrees 
Centigrade. Where the load factor is to be 100 per cent, and it is 
desired to keep the heating within the above limits, the current 
densities must be halved. 

The data given shows in an interesting manner the relative 
values of copper and aluminum in switchboard construction. 







COPPER BAR DATA 










Amps. Per 


Circular 


Squarb 


Ohms 


Weight 


Size 


Amps. 


Square 
Inch 


Mils 


Mils 


Pbr Foot 


Per Foot 


1 iXin 


433 


1732 


318310 


250000 


.0000336 


.97 


IJfxJ^in 


530 


1696 


397290 


3120(10 


.0000269 


1.21 


l>4iXi" 


626 


166.9 


47746.5 


37.5000 


.0000223 


1.45 


IMi^in 


72.5 


1657 


5.56400 


437000 


.0000192 


1.70 


IX « J« in 


676 


1442 


596830 


468-60 


.0000179 


1.82 


I'Ai^m 


79« 


1418 


716200 


662.500 


.0000149 


2.18 


lJ4xj<ta 


916 


1395 


835600 


656260 


.0000128 


2..54 


2 X J< in 


103,5 


1380 


964930 


750000 


.0000112 


292 


2i( X f« i>. 


11.54 


1367 


1074300 


8437.50 


.00000995 


3.27 


2>^ X >« in 


1.500 


1200 


1591650 


12.50000 


.00000672 


4.86 


'2'A x^ in 


171.5 


1097 


1989440 


1662500 


00000.537 


6.07 


2 x^in 


1222 


1222 


1273240 


1000000 


00000840 


3.89 


No. 0000 B. & 


S. 267 


1606 


211600 


166190 


.0000505 


.64 


'/, in. Roun 


<i 306 


1.5.52 


2.50000 


1763.50 


.0000428 


.76 


a in. ■■ 


426 


1388 


390625 


305796 


.0000273 


1 18 


^' i°- '!, 


560 


1267 


562.500 


441787 


.0000190 


1.71 




861 


1096 


1000000 


-85400 


.0000107 


3.05 
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ALUMINUM BAR DATA 



Size 




Amps. 


Amps. Pkr 
Sqdahk 
Inch 


ClBCULAK 

Mils 


Square 
Mils 


Ohms 
Phr Foot 


Weight 
Per Foot 


1 X X in. 


347 


1388 


318310 


2.50000 


.0000.534 


.291 


IXxKi- 




424 


1360 


397290 


312000 


.0000428 


.362 


iHiy,i„ 




m> 


1334 


477465 


37.5000 


.00003.56 


.435 


iH^iim 




580 


1327 


.556400 


437000 


.0000305 


.507 


IK X W in 




530 


11.31 


596830 


4687.50 


.0000285 


.544 


V/,x^m 




6.38 


1130 


716200 


562.500 


.0000237 


.653 


m^fim 




733 


1117 


835600 


6.56250 


0000203 


.762 


2 xj<in 




830 


1107 


954930 


7.50O0O 


.0000178 


.871 


2X X H in 




92.^1 


1096 


1074300 


843760 


.00001.58 


.980 


2>^ X K in 




1200 


960 


1.591.550 


1250000 


.0(KK)107 


1.45 


2;^ X >4 in 




1400 


897 


1989440 


1562500 


.00000855 


1.81 


2 i><in 




980 


980 


1273240 


lOOOOOO 


.0000134 


1.16 


lo. OOOO B. & S. 


211 


1266 


211600 


166190 


.0000803 


.193 


•A in. Round 


244 


1260 


250000 


176350 


.0000680 


.228 


H in. " 


340 


1108 


390625 


305796 


.0000436 


.3.55 


H in. " 


448 


1013 


562500 


441787 


.0000302 


.513 


1 in. " 




690 


880 


1000000 


785400 
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Flan of SwircHBOAMJ Fanel 

roR Single Phase 

Alternatinc Current 
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C-J7.C. ^£LB A/iftcTiir. 

J - GiroaftnDe Tcero^ Swire/ 

Li- A.C.<icnc^*.reM ??iieotTAT: 

\A- Fiei.B'SmTc/t. 

N- GiroviiB Can/rrcTion. 
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LIST OF ADVERTISERS 



Adam Electric Company, Frank, 197 
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Frank Adam Electric Co. 
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MANUFACTURERS OF SWITCHBOARDS 



TABLET 

BOARDS 



STEEL AND 

WOOD 

CABINETS 



VOLT AND 
AMPERE 

METERS 



CIRCUIT 

BREAKERS 



SWITCH- 
BOARD 

CLOCKS 



VOLTMETER 
AND 

GROUND 
DETECTER 
SWITCHES 



KNIFE SWITCHES ^b^c^" g8KK^g?i§S 
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A VIRGINIA RAILWAY BOARD 

BUILT FOR THE VANDERGRIFT CONSTRUCTION COMPANY 

DBEXEL BUILDING, PHILADELPHIA 



WALKER ELECTRIC COMPANY, reg. 

PHILADELPHIA NEW YORK 

Tlu Lugot IndcpMKbnt SwiKfaboard BoOdcn io the Cmtotry 

A little pamphlet on Railway Jtoards upon refjuest 
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FKONT VIEW-Uiai 



BACK ViEW-Diai 




FUNCTION OF A V OLTMETER SWITCH 

iJCONOMY was the mother of the voltmeter switch. It is rather an expensive matter to have a volt- 
r for every circuit, and because different people practice economy differently there are a great 

I many kinds of voltmeter switches on the market, and most of them are so flimsy that they are 
'orthless. It isn't the principle that gives trouble, it is the switch. We have developed a volt- 

II meter switch up to the point where it overcomes the following objections in other types, which 
\ objections were present in our own earher models: 

The liability to injury from careless handling. The liability to warp and throw the contacts out of line. 

The liability to swell when exposed to dampness. Electrical weaknesses. 

The liability to contract in the dry engine-room at- The liability to collect dust in contact pocke") 

mosphere. destroy electrical connection in whole o- 

The liability to loosen and turn round alter once The liability to spread a film of me' ' ' 

being set. button and cause short-circuit 

In the Walker Improved Type none of these objections can be found and it will wear foi 
If a voltmeter switch is used, you need have no anxiety about the calibration of the v 
machines are thrown together, for the same voltmeter will be used tor both and all machims. 

If a voltmeter switch is used with every voltmeter, if one voltmeter should give out, the other can be niaa>. 
to do the work of both while it is being repaired or recalibrated, and then the others can be checked up with the 
new one. The switches can also be arranged to give ground readings in volts, and if the instrument is calibrated 
in ohms as well as volts (which is common practice now and costs only a trifle) the ground can be read '' 

from the voltmeter scale in o'' 
volts. 

Diagram here gives 
for several mar' ' — -' 
voltm»" 
nega 

the. ■-.-1 

chanj; n "<" ln^.A, .\. i b 
appreciated. 

The Walker Improved is beautifully 

finished and costs less than one-third 

the price of a round pattern instrument. 

One ^-inch hole in the board is 

sufficient to mount the switch. 

Send for one and if you don't like 
it we will be glad to take it back. 

It is suggested that if you want the 
"best switch in the world," you specify 
the Walker Improved Type. 

WALKER ELECTRIC COMPANY 

PHILADELPHIA registered NgV? YORK 
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SWITCHBOARD BUILT FOR THE 

PENNSYLVANIA RAILROAD COMPANY 

UNION STATION, PITTSBURG, PA. 

Probably the largest, as well as the finest isolated alternating current switchboard ever built. 
Erected by us June, 1902. Dimensions : 17 ft. 6 in. high, 35 ft. long. 



Watch for (he cut of the Pennsylvania Railroad's Camden board, which we will erect next Fall 



Wc.!"-! Electric Company, Reg. 

The Largest Independent Switchboard Builders in the Country 

PHILADELPHIA 
NEW YORK 

A LITTLE PAMPHLET, 'A FEW SWITCHBOARDS," ON REQUEST 
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SPECIAL TYPES 
CIRCUIT BREAKERS 



r Kngineers, anil as such we 

uit breaker problems in great number 




W'c — The Cutter Company- 
breakers, but we are Circuit Break 
Btantly being called upon to solve ci 
and variety. 

Into this work we have put our best energies, realizing that in the art 
of Electricity what is new to-day may become the standard to-morrow. 
Thus we iiave developed a large number of special tyjics of Circuit Breakers 
to meet a wide variety of requireir.ents, and the following cuts serve to 
suggest some of the instruments which come under this designation. By 
■' special " we do not mean that instruments to which tliis word applies can 
only be had after weeks of waiting; in fact, our designs are such that we 
are enabled to carry in slock complete sets of parts of many of these instru- 
ments, assembling them upon receipt of order, a system which enables us 
to meet with promptness even the most unusual requirements. The word 
"special" with us simply means a type not li.sied in our catalog, and there 
are a greater number of these, by the way, than of standard ty|>es, more 
than we can lake time to list or ev< n adequately suggest. 

If you have any circuit breaker problems not to be solved by the use 
of our standard types, let us know your requirements ; doubtless we have a 
SPECIAL which will entirely serve your purpose. 

THE CUTTER COMPANY 

Nineteenth and Hamilton Streets 
Philadelphia 




G. A. ANNABLE 

120 Liberty St., New York 
PORTER & BERG 

309 Dearborn St., Chicago 
W. C. JESSUP 

203 Lewis Building, Pittsburg 
C. M. CROFOOT 

334 W. Fourth St., Cine' 



T. H. BIBBER & CO. 

37 Arch St., Boston 
JOHN R. COLE 

33 Second St., San Francisco 
B-R ELECTRIC COMPANY 

Kansas City 
R. W. BLACKWELL & CO., Ltu. 
London and Paris 



FRANK ADAM ELECTRIC CO., St. Louis 
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"SHAWMUT" 

HIGH-GRADE SWITCHBOARDS 

PANEL BOARDS AND SWITCHES 



"SHAWMUT" SWITCHBOARD FOR NEW YORK HOSPITAL 

ENCLOSED FUSES, FUSE WIRE AND LINKS 

"CHASE" JUNCTION BOXES, NIPPLES AND COUPLINGS 



NEW ENGLAND AGENTS FOR 

MILWAUKEE ELECTRIC CO., MOTORS AND DYNAMOS 
DE LAVAL STEAM TURBINE CO. 



CHASE-SHAWMUT COMPANY 

MANUFACTURERS 

BOSTON, MASS. 
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THE SAFETY ELECTRIC 
MANUFACTURING COMPANY 

Nos. 303-307 Magazine Street 
NEW ORLEANS, LA. 



Manufacturers of 
HIGH - GRADE 

SWITCH- 
BOARDS 

in all Voltages and Sizes 



We make Switches 
both Knife and OH Break 

Send for Catalogue 
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Switchboard for the Complete Control of a Sixleen-Circiiit Fire Ahrm System 

CROUSE-HINDS ELECTRIC COMPANY 

Main Office and Works 
SYRACUSE, NEW YORK, U. S. A. 

SALES O F F / C ES 
NEW YORK: 23 Dev Street CHICACIO: 1,^0 W. Jackson Boulevard 

BOSTON: New England Building SAN FRANCISCO: Mills Building 

CINCINNATI: 234 West Fourth Street 



AT EACH OF OUR OFFICES WE CARRY A FULL LINE OF 

KNIFE SWITCHES AND PANEL BOARDS 

FOR IMMEDIATE DELIVERY 
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Switchboard for the C()tnplete Control of a Centralized Fnergj' Telephone Syslein 

CROUSE-HINDS ELECTRIC COMPANY 

ELECTRICAL AND MECHANICAL ENGINEERS 

MANUFACTURERS OF 

SWITCHBOARDS 

FOR THE CONTROL OF 

Railway, Power, Lighting, Fire Alarm and Police Telegraph 
SYSTEMS 

AND SPECIAL SWITCHBOARDS TO MEET ANY 
REQUIREMENTS 
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We build 



Switchboards 



Send us your 
specifications 



McCarthy Bros. 
<8r^ <S Ford d^ 

BUFFALO, NE.W YORK 
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SWITCHBOARDS 

DIRECT 

ALTERNATING 



NONE TOO LARGE 
NONE TOO SMALL 

To receive our best attention 



Give us a chance to figure on 
your Switchboard Specifications 



W.S.HILL ELECTRIC CO. 

NEW BEDFORD, MASS. 
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WE BUILD HIGH-GRADE— RELIABLE— STANDARD 

SWITCHBOARDS 

WE GUARANTEE QUALITY they never disappoint 

WE GIVE SATISFACTION 
WHITE FOR ESTIMATES \pE PROMISE PROMPT SERVICE 

A KTTNn A r? C*'Kw71'T/^TJT>r\ A "DTVC A™ KECOGNIZED EVERYWHERE FOR THEIR 
A IN I ^KO" O W 1 X V-<rTD\-//\K,J-'0 SERVICE, EFFICIENCY AND WORKMANSHIP 



SWITCHBOARD BUILT BY lULIUS ANDRAE ft SONS CO. FOR AHMOUB ft CO.. CHICAGO. ILL. 

Tbf absn half-toac llliutratca the iwllehboud wc laitalUd Is the Amoor Co. pUat, >t CUcico. It I) ■ vilotbU tutlmonlkl to 

MI hJifa-trade wnik. 

WE SELL EVERYTHING ELECTRICAL 

Dynamos, Motors, Supplies, etc., for Factories, etc. Complete Electric Lighting 

Plants and Telephone Systems. Electric Supplies of Every Description. 

WRITE FOR PRICES 



JULIUS ANDRAE 6 SONS CO. 



225 West Water St., MILWAUKEE, WIS. 

Ooi lOO-pacc tllDtttattd Catalatsc of Tclcpbooa and SsppUu will it Mat Frtc foi tit uklat 

2 ID 
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Switchboards 



Dyi 



namos 



Motors 



Electrical Indicators For Showing Speed and Direction 

WATER-TIGHT FITTINGS 

SPECIALTIES 



The Electro-Dynamic Co. 

212 to 226 Ionic Stieet Philadelphia, Pa., (J. S. A. 

Cable Addresa, EDCO ABC Code, 4tb Edition 
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Lighting, 
Railway and Power 

APPARATUS AND 
SUPPLIES 



AGENTS 



THE CUTTER COMPANY 
I-T-E Circuit Breakers 
Keystone Instruments 

THE HAZARD MFG. COMPANY 
Wires and Cables 

NORTHERN ELEC. MFC. CO. 
Dynamos and Motors 



THE OHIO BRASS COMPANY 
Overhead Line Material 

THE R. D. NUTTALL COMPANY 
Trolleys, Gears and Pinions 

NEW YORK AND OHIO CO. 
Packard Lamps and Transformers 

A-B ARC LAMPS 



THE B-R ELECTRIC COMPANY 

Seventh and Wall Streets 
KANSAS CITY, U. S. A. 
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'The Largest Manufacturers of OVERHEAD 
LINE MATERIAL in the World" 



The Ohio §r4ss (^mpaaij 



DESIGNERS 



MANUFACTURERS 



DEALERS 



tV*. ELECTRICAL 
SUPPLIES 



=FOR= 



Electric Railway, Lighting and 
Power and Mining Plants 



POLE BRACKETS 
TROLLEY WIRE HANGERS 
TROLLEY EARS AND CLAMPS 
STRAIN INSULATORS 



k 



MOTOR BEARINGS 
HIGH TENSION INSULATORS 
"ALL WIRE" RAIL BONDS 
CONSTRUCTION TOOLS, ETC. 
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H. KRANTZ 
MANUFACTURING 
COMPANY 

BROOKLYN, NEW YORK 



Switchboards 
Panel Boards 
= Switches = 



OUTLET BOXES 



BUSHINGS 



HIGH-GRADE WORK ONLY 



Digitized by tj OOQ IC 



w 



E carry a complete 
stock of Electrical 
Supplies of every descrip- 
tion, and handle nothing 
but the best in their respec- 
tive lines. 



VIelor Pcndul 1 



A)» Diy BatUir 

Our 'Prices are Right 



Crocker-Wheeler Motors and Dynamos 
Peerless Fans and Transformers 
Victor Incandescent- Lamps 
Manhattan Arc Lamps 
Flexduct (the new Flexible Tubing) 
Shield Brand W. P. and Office Wires 
Standard Underground Cable Co.'s 

Wires and Cables 
Viaduct Telephone Apparatus 
Deveau Switchless Telephones 

WE MANUFACTURE 

Victor Pendant Burner 

Victor Alcohol Torch 

Crescent Shade 

Ajax Dry Battery 

Candelabra, Miniature and 9171 Recep- 
tacles, Panel Boards and Switch- 
boards 

Knife Switches and Electric Railway 
Supplies 



CKtccal Shade 



ESTABLISHED i 



iVe Make Prompt Shipments 



Vallee Bros. Electrical Co. 

62^ Arch Street, Philadelphia 

WHOLESALE DEALERS IN EVERYTHING ELECTRICAL 
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Copper for Electrical Purposes 



WE MAKE A SPECIALTY OF 



Hard-Drawn Copper Commutator Bars 

Perfectly Smooth, Free (rom Imperfections, True to Dimensions 
Made in any size required 



HARD-DRAWN COPPER BUS BARS 

Square Edges, Perfect Surfaces, All Sizes 



COPPER ROD, Round, Square, Hexagon and Octagon Shapes 
COPPER AND BRONZE MOULDINGS AND CHANNELS 

SPRING BRUSH COPPER 



,r,SO A FULL LINE OF 



BRASS, COPPER, BRONZE AND GERMAN SILVER 

in Sheets, Plates, Rods, Wire, Rivets, Nails, Pins, Etc. 



SEAMLESS BRASS AND COPPER TUHING 

U. T. HUNGERFORD BRASS AND COPPER COMPANY 

497 TO 50J PEARL STREET J? TO 4J PARK STREET 

NEW YORK 
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Wm. T. Pringle 

112-114 N. TWELFTH ST. 
PHILADELPHIA, PA. 



No second-grade material leaves our factory. Our sole aim is to 
give you the best obtain^le at as low a cost as possible. 



5WITCMB0ARD5 

PANEL BOARDS 
SWITCHES 



and in connection with the above a line of high-grade specialties, 
including 

FLUSH RECEPTACLES 
WATERPROOF RECEPTACLES o stylesi 
FLUSH KNIFE SWITCHES 
RIES REGULATING SOCKETS 
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Keystone Electric Company 

HIGH GRADE ELECTRICAL MACHOflERY 

MAIN OFFICE AND WORKS. ERIE. PENNA. 
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The Process Copper and Brass Co. 

Pure Copper Castings y Solid and Free from Blow-holes 



Composition, Steam Metal, Yellow Brass, Red Brass, Brazing Metal Castings, 
Government Mixture, Hydraulic Metal, Phosphor-Bronze, Man- 
ganese Bronze, German Silver and Aluminum Castings 

JERSEY CITY, NEW JERSEY 









The Royal Electii 

*RS1RS: 
Replying lo your t 

:j5itx^:i^reir« 


ELECTRIC 


The Crwker-WheeJer Company, of Ampere. N. J., w.ile : 
good quality upon te^t. and BpfieHrB perfectly ntlsfaclory." 


avor of Ihe i^th inst.. regarding coraprn- 
e seBmenls which we received from you 


TRICAL IKSTKUMENT COHPANT, of Newark, M. J. 


The Royal Elect rit 


■Co, were giiar»nleed joper rent, conduc- 


Tfala well-known oompaDj wlU aadoabtcdly 1» iilesard 
to atele IhHt oor copper fiiHtInK* ikre tnpfi-lor In vvrj 



llvity— they got It 

As to the general superiority and high t»nduc1iv[ty of copper 
castings produced by us, we submit the following: 
Ghntlhmfn: PiTisFlELFj, M*sa., February 9. !»". 

which we have received Irom you. would My thai j-our copper 
castings have been very satisfactory indeed as to utiilorm sohdity 
and smooth surface— in fact they liave been Ihe most satisfactory 



n have b 

Yours truly, 
STANLEY ELECTRIC MFG. CO. 

John H. Kki.kan. Ci 



' Re])lyiiig to your recall favor relative to the hlRh condno- 
FondDotlvlly of DO perceal., would' say that we have found 



;r Elecl 



g Coml 



y, of Phita- 



The Cull 
delphia, Pa., write: 

" We are sending you hj- opress lo-day quite .1 large ratiem. 
from which we wish to have five copper castings made. Vim at 
«n« lime mxle fur ui loine cup]Kr which ws found by 
test t» havn » oarryliiK capx^lT of S« |>er cent. This is 
■ ■ ■ - re desirous of obtalninE forthia jBiIlcular job, 



mil we feel c. 
teed of these 
vould give sa 






We ! 



)i ft y 



xiut the samcasthecopper— possibly a little heav 
eDTasarr for them lu be perfectly solid. i 
Die*, Just u you mre mitkliig llie copper," 

The Ciouse-lllnds F.lectric Company, of S 
•' The quality is ceitainly very fine." 



itullding Company 
we shall endeavo 



NON CORROSIVE METAL 



Inlhl 


Is com 


irrlin 


u read this letter of < 


nquiry from Gamer 1 


Co.,of N 


lewVo 


rlt C-i 


ty,ihe largest manufi 


acturers of the kind ii 


the count 


U- 




New York City, June s,i9or. 


OXr. 


•%!}."•- 


•>dBr<.,sCK..4""<i4, 


1 HudioH Slritl.Jerir 


Please nani< 


■n-y 


our lowest price per 1 


b. f.o.b. Hndson Rive 


liepurec 


iSti in. 




and free from blow-holes, as Ihey ate to b 
y when you could furnish them, and oblige. 








Yours truly. 


GARNER 8. CO. 



PUBBCOPrERCASTINflS— NOLIU— AND rRESFBOM 
BLOW- DOLES 

On]uneii,i90i.Messis. Garner & Co. gave us the following 
order: 
Gbntlkhhn: 

Replying to your 



to vour favor of Ihe6lh inst. 
Cast Copper Sleeves that wll 
;ler.by i^;', inside diameter, 
from blow-holes. 



Prixea Copptr aiJ Sraa Co., fi 
aiy.N.J. 



e perTeet esatliiKa- 



and 1 6 Worth SI.. 



1 InM. The Copper Sler 
GARNER ai CO.. 



Per i^ibbard. 
The Sleeve* Are abawlsB Great Dnrablllly 
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H. C. ROBERTS 

ELECTRIC SUPPLY 

COMPANY 

DEALERS IN 

HIGH-GRADE 

ELECTRICAL GOODS 

PACKARD LAMPS 

AND TRANSFORMERS 

ADAM3-BAGNALL ARC LAMPS 

LINE MATERIAL 

CONSTRUCTION TOOLS 

PHILADELPHIA 
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Crocker -Wheeler Company 

Manufacturers and Electrical Engineers 



Builders of Diredt Current Dynamos and Motors 

IN MANY TYPES AND SIZES 



Our machines have won a reputation as 
being Reliable, Efficient ' and Economical 

We arc enabled to maintain this reputation 
by constant care in design and construction 

Manufacturers, machine-shop men and users in general of electric power 
will find it to their interest to advise us of their wants before purchasing 



Main Office and Works, AMPERE, N. J. 



BOSTON 
NEW YORK 
WASHINGTON 



BRANCH OFFICES 
PHILADELPHIA 
PITTSBURG 
ST. LOUIS 



CHICAGO 
DENVER 
SAN FRANCISCO 

227 
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Eastern Carbon Works 

S^erseyi City, SK- 3"- 

The Largest Manufacturers of Carbon Batteries 
in tlie world 

OUR LEADERS 

Eastern Carbon Cylinder Batteries \ f„, B.U Wo,fc, T«kpho„« 
Eastern No. 3 Dry Batteries, , AtinoncUtors, etc. 

standard size, 2;4 x 6 ) 
Eastern No. 1 Carbon Porous Cup Cell ^ Standard Types for Gas Engines 

Eastern No. 4 Dry Battery, size, 35^x8 ) and Electric Gas Liglittng 

Also every other known type of Carbon Battery 
OUR BATTERIES ARE STRICTLY HIGH-GRADE 



EASTERN NO. 1 CARBON POROUS CUP CELL AND PARTS 

GENERATOR AND MOTOR BRUSHES 

7e make more tytMi oi the above than any other manufacturer in the world, and a 
trial order will convince you of their all-around merit 

CARBONIZED WORK OF EVERY DESCRIPTION 



EASTERN Cirboai are used ezclustvely fof "l-T-E" Circuit Breakrre 
228 
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SWITCHES 
and SWITCHBOARDS 

of approved construction and best material 
and workmanship 



Knife Switches, Quick- Break Switches, Volt-Meter Switches 

Service Switches, Section Switches, End-Cell Switches 

Special Switches to order. 



Albert & J. M. Anderson Mfg. Co. 

New York Office, ,35 Broadway BOSTON, MASS. 

Philadelphia, Girard Building 

229 
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Subject: 
STRIP AND BAR COPPER 



Electrical Manufacturers. 
Gentlemen: 

Just a word in reference to 
Strip and Bar Copper for electrical use. 

We carry a large stock of the standard 
sizes; prompt shipments are thus insured. 

All orders for stock sizes shipped the day 
order is received. 

We shall be glad to serve you, and we are 

Yours very truly, 

A. P. SWOYER COMPANY, 

17 North Seventh Street, 
Philadelphia, Pa. 
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The Star Porcelain Co. 

MANUFACTUKKRS UV 

Electrical Porcelain 

HOME OFFICE AND WORKS: 

TRENTON, N. J. 

PHILADELPHIA OFFICE: 

I020 Stephen Girakd Bmi.niNc 



We are to-day making the most 
difficult and complicated pieces of 
Porcelain connected with electrical 
work, and give special attention to 
such designs. 

We gladly furnish estimates from 
models or drawings and guarantee 
satisfaction as to quality and work- 
manship. 
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|tonia»c CirciiH Breakw Ohio 



I=T=E CateJogue 



in English. French 

German and Spanish 

85 Pages 
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Bacon 


80 Amps. 


Bail 


100 " 


Bead 


IflO " 


Behest 


200 " 


Bias 


300 " 


Blonde 


400 " 


Bout 


0OO ' 


BoUter 


600 " 


Bninetle 


TOO " 


Bonanza 


800 " 


Bower 


lOOO " 


Broom 


12«0 " 


BrynK 


looo - 



Standard Swftchboard Type— 

'Single Pole 

For Direct or Alteniatiiie Cumnt 

Po. w Ml ciKBiu el 600 VoHs ar *«)«■ 

BACK OR FRONT CONNECTION 



•I- 



Type normal unlpolaire pour 
tableau de distribution 

POuf UKinUit* continiu ou alttnutlh 
D«UI I'tmptarii lar ia clrculli dc GOO VOK* 

OH u-dnuut 

CONNEXIONS 



Cet apparei1_ est I'^talon reconnu 

place dans Topinion ce tous ccux qiii 
emploicnt les meillcurs appareils £lec- 
triques. cardansleservicf qu'il»tappel£ 
A rendreiln'apas d'igal. DcEsinf avec 
la plus grand e attention dans tous ses 
details il est I'^talon pour Ic travail des 
tableaux de transmission pour la protec- 
e lumi^re. de chaleur 




u les circuits 
inployi pour le 



I pour 
e des grands i 



Normal Scbalttahl Typo— 
Einpolls 

Fiir Glekliiboai oia TcchKbbon 

FHf SlromlcniH vM 600 VoH OdtT WMlftr 
ANSCHLUSS VON 



kannte Norma 
sich den hOchsltn Ehrenplati in dem 
Urtheil aller gewonnen, die elektrische 
Instrumcnle besler Qualitit benutien; 
fur den Dicnst, fur den es bestimmt ist, 
hat e> nicbt seines gleichen Con- 
stniirt mit RorgfAlli^r Beruchsichti- 
gung aller Binzelheiten, ist es das 
Normal -Instrument f-Qr SchaltUfeIn, fur 
den Schuti von Stromkreiser fur Licht, 
Warme, und Kra(tiwecke. oder fur den 
Gebrauch bei grossen Motoren. 

Aiunih ran ar— Normal, siehe Seite 
II. Fur Auuchalterbisiu ijo Ampere 
Capadtat Elnd die Spulen aus doppelt 
isoiirtem Maenetdraht hergestellt und 
passend emaillirt. Fijr grOssere Capad- 
taten sind di'i Spulen aus blankem, 
rechteckigen Kupfer her^estellt. 



Far 



Hontage— Ndhnal, siehe Seite 13. 

- ■ ■ ite, die auf Grundtafefii 

1 armor montirt sind. ist 

je >3.oo. CBWlog-Preis, 



We will be glad to send without 
charge our new Polyglot Catalogue, 
the most complete Circuit Breaker 
Catalogue published. 



ader Preis 
Voher. 
^ GrOB8« der OmndplMte — joc 

Kinpere oder weniBer= »s *">- X36 cm. 
' " " bis 1500 Ampere — 

X 44 mm. 
...._. . _..n speciel! so ge- 

■ friinscht, werden die Instrumente lui 

■ Anschluss von vom gelietert, lu demsel- 
Kben Preise, wie fur Anscblust von der 

.Naiii. — Fur weitere Eimelbeiten 
k^chtlich dieser Type sei aof Seite ; 



; y se*ha ganado el mis alio 
puesto en la opiniiSn de todos los que usan 
aparalos el&tricos superiores. Para el 
Irabijo 6 que se le destina no liene rival, 
Dibujado con el mayor esmero en todos 
sus detalles, es el modelo de obra er 
tablai de distribucidn, para la proleccidn 
de los circuitos de lui, calor y fueria ; 6 
para su uso en conexiijn con los grandea 

EI Acabado— Modelo v^ase la pi- 
gina 10. Para corta-circuilos hasta de 
IJO amperei los carrelu se haceo de 
alambre imantado de doble aialamienlo,' 
convenienlf mente nmaltado*. Para los 
tamallos mayores lo* carretesse haccn de 
puro cobre reciangul: 

Moatara— Modelo, v^mc la pdgina 
10. Se montan inttnunentM tobre bates 
de mirmol blaoco por n cada uoo, extra, 
segUn lista. 

Tunaflo de Baae— 700 ampere* 6 
menos = ij cm. x 36 cm. x jS mm. Sooi 
1500 amperes = 30 cm. 138 cm, X 44 """■ 

Eflpe(;ial— Se eotregarin instrumen- 
tos provi^tos de coneiiones fiontalea al 
mismo precio que los de coaeiidnes poa- 
' — ^~rei, al solicitaneaxfcspccialmeDte. 
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The Cutter Company 

19th and Hamilton Sts. 

Philadelphia. U. S. A. 



80-700 Amps. 
.13 kg- Peso Ne to. 

. II " " delaTara 

" Bruto .... 34 " 
Dimeusiones Ciibicas del lustrutneolo 
ya listo para il embargue, 4S x 33 x 
SoO'lSoo Amps. 

PesoNeto. . . ■ 36 kg 

" delaTara ... 14 " 

".■ Brulo . . (o " 

Dimensiones Ciibicas del Instn 

ya listo para il emb argue, 61 X361 

Paru evltar la sostltucldn de 

aparatos Infciiores al bocer pe- 

didoe debe iino coplar las letrai 

I-T-E y afiadir " Atbricndo poi 

Lla Cutter Co,'' 
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TBLEPHONE CONNECTION 
PRIVATE BRANCH EXCHANGE TO 
ALL DEPARTMENTS 



CABLE ADDRESS 

"NORENCCO." 



Northern Engineering Co. 

INCORPO%/l TED 

95 Liberty Street, NEW YORK CITY 



LIGHT ANB POWER WIRING 



eOMPLiCTC PLANTS TOR 

GENTRAL) STATIONS 

PaBLie BailaDINGS 

INBaSTRIAL ESTABblSHMENTS 

PRIVATE RESIBENGES 



Dynamos, Motors 

Engines, Gas Engines, Switchboards 

Panel Boards, Electrical Machinery 



FACTORIES 

CLEVELAND, OHIO 

CHICAGO, ILL. 

NEW YORK CITY, N. Y. 



NEW YORK OFFICE 

Elwell-Parker Electric Co. 
Roth Bros. & Co. 
Merlam Abbott Co. 
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NATIONAL 
E LE CTR I CAL 
SUPPLY COMPANY 



Jobbers of 

Electrical Supplies and 

Contractors 



Conduit Work in Fire-Proof 
Buildings our Specialty 



1417 NEW YORK AVENUE 
WASHINGTON, D. C. 
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The Metropolitan Switchboard Company 



227 and 229 West Twenty-Ninth Street 

TELEPHONE NUMBER lS60-38ih STREET 

NEW YORK 

MANUFACTURERS OF THE 

MOST APPROVED TYPES OF PANEL 

AND SWITCHBOARDS 




Panel Boards mamifactiired under 

lTiiite<l States ['aleiits Numbers 

614, 882, 641), 482, 623, 172, 

and other patents 

pending 



Superior design and 
construction. Easy 
to install and access- 
ible. An opportun- 
ity to bid on your 
work is solicited. 

We have compiled a little 
pamphlet on panel boards 
showing the superiority of 
our work. Data of value to 
the engineer and electrician is 
also included. This circular 
may be had for a postal. 
237 
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MECHANICAL 
ELECTRICAL 
PNEUMATIC 
HYDRAULIC 

ENGINEERS 
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special Work in Brass for Electrical Purposes 




Special Machine Screws and Studs 



3 I 



FOR ALL PURPOSES 



Punches and Dies 

TO DO THE WORK IN ONE OPERATION WHERE IT 
HAS BEEN DONE IN TWO OR MORE OPERATIONS 



Work by Exper.. p £ CHESTERMAN & CO. 

Press working of 

Sheet Metals 241-245 Afch Street 

Punches and Dies r».M j i t.< n 

Machine Screws .nd Studs Phlladelptlia, Fa. 
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THE PITTSBURG 

ELECTRICAL and MACHINE 

WORKS 



MANUFACTURERS OF 



High-Grade Switches, 

Switchboards, 

Etc. 

FOR ALTERNATING OR DIRECT CURRENT 



ARROTT POWER BUILDING 
PITTSBURG, PA. 
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Vermont 
Slate and Marble 



For electrical use in any form 
and finish. Switchboards, 
panel boards, switch bases, 
portable bases and discs. We 
are prepared to do drilling and 
all kinds of special work. = 




FAIR HAVEN MARBLE 
AND MARBLEIZED SLATE COMPANY 

FAIR HAVEN, VERMONT 
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KOHLER BROTHERS 

Contracting 
Electrical Engineers 

1804, 1806, 1808, 1810 and 1812 Fisher Building 
CHICAGO, ILL. 



We install complete electric lighting or power plants 

We install electric wiring for light or power 

We install interior telephone, signaling and burglar 

alarm systems. 

We build switchboards and panel boards. 

We build electric railways. 

We equip newspaper printing presses with our patented 

system of electrical control. 
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